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APPENDIX  C 


REGIONAL  CONSIDERATIONS  AND  CHARACTERIZATION 

The  purpose  of  Appendix  C  is  to  provide  a  description  of  the  general 
topographic  and  climatic  conditions  which  may  affect  telecommunications  in 
the  sparsely  netted  DCS  throughout  the  Republic  of  Turkey  and  the  densely 
netted  DCS  in  parts  of  the  Federal  Republic  of  Germany  and  part  of  the 
State  of  Hawaii. 

Various  modes  of  radio  propagation  are  available  for  use  by  the  DCS. 
These  modes  may  be  characterized  as: 

•  Line-of-sight  (Includes  terrestrial,  referred  to  as 
LOS,  and  active  platforms  and  satellites) 

•  Reflection  (Includes  passive  devices  such  as  platforms 
and  satellites) 

•  Diffraction  (Over  smooth  earth,  knife-edge,  rounded 

obstacles,  and  irregular  terrain) 

•  Refraction  (Ionospheric) 

•  Scatter  (Tropospheric  and  Ionospheric). 

Each  of  these  propagation  modes  is  affected  differently  by  operating 
frequency,  ground  terrain  characteristics,  atmospheric  structure,  and 
weather.  Therefore,  topographic  and  climatic  conditions  were  collected 
and  used  for  alternative  system  designs  for  the  various  regions. 

Regional  considerations  and  characterization  for  each  of  the  three 
regions  considered,  namely,  Turkey,  Germany  and  Hawaii,  is  presented  in 
Sections  C.l,  C.2,  and  C.3  respectively.  Supplements  I  and  II  provide  a 
synopsis  of  topographic  and  climatic  considerations  which  may  affect  radio 
propagation,  with  emphasis  placed  on  the  modes  pertinent  to  and  areas 
highlighted  by  the  DCS  III  Study,  and  Supplements  III  through  VII  contain 
reprints  of  literature  relevant  to  climatic  considerations  or  the  state  of 
corrmercial  telecommunication  in  the  areas  of  interest  mentioned  above. 

Sources  of  figures  and  tables,  as  well  as  a  bibliographic  listing  of 
all  references  applicable  to  Appendix  C  and  Supplements  I  and  II  thereto 
dlc,o  are  included  in  this  document. 
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C.l  TOPOGRAPHIC  AND  CLIMATIC  CONDITIONS  OF  TURKEY 


This  section  provides  a  general  description  of  topographic  and 
climatic  conditions  of  the  Republic  of  Turkey.  The  information  presented 
here  was  used  either  as  basis  or  reference  for  DCS  III  alternative  system 
designs. 

C.1.1  Location  and  Political  Boundaries 

The  Republic  of  Turkey  is  situated  in  the  eastern  Mediterranean  region 
with  a  land  area  of  about  767,000  sq.  km  (296,000  sq.  mi.),  slightly 
smaller  than  Texas  and  Louisiana  combined.  The  Republic  shares  common 
borders  with  Bulgaria  and  Greece  to  the  northwest,  the  U.S.S.R.  and  Iran  to 
the  east,  and  Iraq  and  Syria  to  the  south.  Turkey  is  adjacent  to  the  Black 
Sea  to  the  north,  the  Mediterranean  Sea  to  the  south,  and  the  Aegean  Sea  to 
the  west. 

About  three  percent  of  Turkey's  land  is  in  Europe.  This  section, 
known  as  Thrace,  is  separated  from  the  Asian  portion  by  the  Bosporus 
Strait,  the  Sea  of  Marmara,  and  the  Dardanelles  Strait.  They  are  known 
collectively  as  the  Turkish  Straits  and  connect  the  Black  and  Mediterranean 
Seas.  The  Asian  portion  is  known  by  a  variety  of  names:  Asia  Minor, 
Asiatic  Turkey,  the  Anatolian  Plateau,  and  Anatolia. 

Internally,  the  Republic  of  Turkey  is  divided  into  67  provinces.  The 
official  designation  of  these  divisions  is  "il"  but  the  more  traditional 
term,  "vilayet",  is  extensively  used. 

Figure  C-1  shows  the  international  boundaries,  major  cities, 
railroads,  roads,  and  international  airports  of  the  Republic  of  Turkey. 

C.l. 2  Population 

Urban  areas  have  experienced  tremendous  growth  since  1950  as  a  result 
of  the  movement  of  villagers  to  the  cities.  Today,  about  65  percent  of  the 
populace  are  villagers. 
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c  of  Turkey 


Population  is  more  dense  along  the  coastal  regions  where  climate  and 
soil  conditions  are  more  favorable  to  agriculture  and  in  the  western  half 
of  the  country.  The  most  sparsely  populated  areas  are  the  central 
highlands  and  the  eastern  and  southeastern  mountain  regions. 

In  1970,  the  population  totaled  35.7  million  with  an  annual  growth 
rate  of  almost  2.7  percent.  Based  on  this  rate,  the  population  is  expected 
to  double  by  1995.  The  relatively  high  growth  rate  is  reflected  in  the  age 
structure  with  80  percent  under  the  age  of  40  and  over  40  percent  under  15 
years  of  age. 

Istanbul,  on  the  European  side  of  the  Bosporus  Strait,  is  the  most 
populated  city  in  Turkey.  The  capital  city  of  Ankara,  in  central  Turkey, 
has  the  second  largest  population  among  Turkish  cities. 

C.1.3  Commercial  Telecommunications 

Supplied  in  Supplement  VI. 

C.1.4  General  Topographic  Conditions  for  the  Sparsely  Netted  DCS 

Except  for  a  relatively  small  segnent  along  the  Syrian  Border,  which 
is  a  continuation  of  the  Arabian  Platform,  Turkey  is  part  of  the  great 
A1 pine-Hymalayan  mountain  belt.  The  intensive  folding  and  uplifting  of  the 
mountain  belt  during  the  Tertiary  Period  of  geographic  history  was 
accompanied  by  strong  volcanic  activity  and  intrusions  of  igneous  rock 
material,  followed  by  extensive  faulting  in  the  Quarternary  (most  recent) 
Period.  This  faulting  is  still  in  progress,  making  Turkey  one  of  the 
ranking  earthquake  regions  of  the  world. 

The  structural  complexity  is  reflected  in  relief  as  well  as  drainage. 
Wedged  between  two  folded  mountain  ranges  that  converge  in  the  east  (the 
Pontic  Mountains  along  the  Black  Sea  and  the  Taurus  Mountains  bounding  the 
Mediterranean  Sea),  the  massif  of  central  Turkey  is  structually  a  very 
complex  region  composed  of  uplifted  blocks  and  downfolded  troughs  covered 
by  recent  deposits,  that  give  the  appearance  of  a  plateau  with  rough 
terrian. 
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True  lowland  is  confined  to  Thrace,  extending  along  rivers  that 
discharge  into  the  Aegean  Sea  or  the  Sea  of  Marmara,  and  to  a  few  narrow 
coastal  strips  along  the  Black  and  Mediterranean  Sea  coasts.  Moderately 
sloping  land  surface  is  limited  almost  entirely  to  Thrace  and  to  the 
hill-land  of  the  Arabian  Platform  along  the  border  with  Syria. 

Over  80  percent  of  the  Turkish  land  surface  is  rough,  broken,  and 
mountainous,  and  therefore  of limited  agricultural  value.  Nearly  85  pfercent 
of  the  country  lies  above  460  meters  (1,500  ft.)  and  the  median  elevation 
is  1,130  meters  (3,700  ft.).  These  features  are  augmented  in  the  eastern 
part  of  the  country  where  the  Taurus  and  Pontic  ranges  converge  into  a 
lofty  mountain  region  with  a  median  elevation  of  over  1,525  meters  (5,000 
ft.),  reaching  its  highest  elevation  along  the  border  wiht  the  Soviet  Union 
and  Iran.  Turkey's  highest  mountain  peak  is  Mount  Ararat  at  6,087  meters 
(19,966  ft.),  situated  near  the  location  where  the  three  countries  meet. 
Figure  C-2  shows  the  major  geographic  features  of  Turkey. 

C.1.5  General  Climatic  Conditions  of  the  Sparcely  Netted  DCS 

Turkey  is  a  focal  point  of  contrasting  climates.  The  pressure  systems 
of  all  the  adjacent  regions  affect  the  climate  of  the  country,  yet  the 
landforms  are  high  enough  to  minimize  the  outside  influences.  The  climate 
is  continental  temperate,  with  some  Mediterranean  and  maritime  temperate 
infl uences. 

In  the  interior  plateau,  there  is  a  wide  range  of  temperature. 
Winters  are  cold  with  January  temperatures  averaging  -1°C  (30°F),  and  frost 
may  occur  more  than  100  days  during  the  year.  Summers  are  warm,  with  high 
daytime  temperatures  and  cool  nights.  The  mean  for  July,  the  warmest 
month,  lies  between  20  -  23°C  (68  -  73°F).  Between  254  and  432  millimeters 
(10  and  17  in.)  of  rainfall  are  received  annually  on  the  plateau,  the 
precise  amount  depending  on  elevation.  May  is  generally  the  wettest  month, 
and  July  and  August  are  the  driest  months. 
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Figure  C-2.  Major  Geographic  Features  of  Turkey 


Figure  C-3.  Mean  Annual  Rainfall  for  Turkey 


Table  C-1  Temperature,  Relative  Humidity,  and  Percipitation  at 
17  Turkish  Locations  (Continued) 
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Along  the  coastal  regions,  winters  are  mild  and  summers  moderately 
hot.  Along  the  Black  Sea,  August  is  the  hottest  month  with  a  mean 
temperature  of  22°C  (72°F).  Along  the  Aegean  Sea,  August  temperatures 
often  exceed  32°  C  (90°  F).  Winters  generally  contain  the  wettest  months 
on  this  coast.  The  western  coastal  areas  do  not  experience  frost,  but  in 
the  east  snow  may  remain  on  the  ground  for  as  long  as  four  months  of  the 
year.  Rainfall  averages  508  -  762  millimeters  (20  -  30  in.)  annually  along 
the  Aegean  and  Mediterranean  Seas  to  over  2,540  millimeters  (100  in.)  along 
the  Black  Sea,  which  is  the  only  region  of  Turkey  with  a  moisture  surplus 
throughout  the  year.  Along  the  southern  coasts  the  summers  are  very  hot. 

The  climate  of  eastern  Turkey  is  most  extreme.  Summers  are  hot  and 
extremely  dry;  winters  are  bitterly  cold.  Spring  and  autumn  are  both 
subject  to  sudden  hot  and  cold  spells. 

Figure  C-3  shows  the  mean  annual  rainfall  for  Turkey.  Table  C-1  shows 
temperature,  relative  humidity,  and  precipitation  information  for  seventeen 
stations  located  throughout  Turkey. 

C.1.6  Natural  Geographic  Regions  of  Turkey 

The  topographic  and  climate  conditions  of  the  Republic  of  Turkey  lend 
themselves  to  divide  the  country  into  five  natural  geographic  regions. 
Each  of  these  regions  will  be  briefly  discussed. 

C. 1.6.1  The  Aegean  Coastlands  and  Turkish  Straits.  The  western  portion  of 
the  region  consists  mainly  of  rolling  hill-land  that  is  well  suited  for 
agriculture,  receiving  a  mean  annual  rainfall  of  635  millimeters  (25  in.). 
The  region  includes  the  city  of  Istanbul  and  is  densely  populated.  Its 
land  frontier  with  Bulgaria  and  Greece  is  an  artificial  one  that  has  varied 
considerably  over  the  last  century. 
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The  Bosporus  Strait  is  26  kni  (16  mi.)  long  and  averages  1.6  kni  (1  mi.) 
in  width  but  narrows  to  less  than  460  meters  {1,500  ft.)  in  places.  Both 
banks  rise  steeply  from  the  water  and  form  a  succession  of  cliffs,  coves, 
and  nearly  landlocked  bays.  Most  of  the  shores  are  densely  wooded  and  are 
marked  by  numerous  small  towns  and  villages.  The  Dardanelles  Strait  is  40 
km  (25  mi.)  long  and  increases  in  width  toward  the  south.  Unlike  the 
Bosporus,  there  are  few  settlements  of  any  kind  along  the  shores  of  the 
Dardanelles,  the  region  being  used  primarily  for  grazing. 

The  Aegean  region  in  Asia  has  fertile  soils  and  a  typically 
Mediterranean  climate  with  mild,  rainy  winters  and  hot,  dry  suimiers.  The 
lowlands  of  the  region  contain  about  half  of  the  country's  agricultural 
wealth  in  broad,  cultivated  valleys. 

C.1.6.2  The  Black  Sea  Region.  The  region  has  a  steep  and  rocky  coast,  and 
rivers  cascade  through  gorges  of  the  coastal  ranges.  A  few  larger  rivers 
that  have  cut  back  through  the  Pontic  Mountains  have  tributaries  that  flow 
in  broad  elevated  basins.  Access  inland  from  the  coast  is  limited  to  a  few 
narrow  valleys,  and  the  coast  has  therefore  always  been  isolated  from  the 
interior.  The  eastern  part  of  the  region  is  heavily  forested. 

The  narrow  coastal  ribbon  running  between  the  cities  of  Zonguldak  and 
Rize  is  an  area  of  concentrated  cultivation.  All  available  areas, 
including  mountain  slopes  wherever  they  are  not  too  steep,  are  put  to  use. 
The  mild,  damp  climate  favors  conmercial  farming. 

C.1.6.3  The  Mediterranean  Coastland.  The  plains  of  the  Mediterranean 
coast  are  rich  in  agricultural  resources  with  fertile,  humid  soils  and  warm 
climate.  Sunuiiers  are  hot  and  droughts  are  not  uncommon. 

The  plains  around  Adana  in  the  east  are  largely  reclaimed  floodlands. 
In  the  western  part  of  the  Mediterranean  coastal  region,  rivers  have  not 
cut  valleys  to  the  sea  making  inland  movement  restricted.  The  backland  is 
mainly  karst  and  rises  suddenly  along  the  coast  to  elevations  of  2,750 
meters  (9,000  ft.).  There  are  few  major  cities  along  this  coast,  but  the 
triangular  plain  of  Antalya  is  extensive  enough  to  support  the  rapidly 
growing  city  and  port  of  the  same  name,  which  is  an  important  trading 
center. 
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C. 1.6.4  Anatolia.  The  plateau-like  hiyhlands  of  Anatolia  are  considered 
the  heartland  of  the  country.  Like  the  steppes  of  the  Soviet  Union,  the 
region  varies  in  elevation  from  610  -  1,220  meters  (2,000  -  4,000  ft.)  west 
to  east.  It  is  arid  and  supports  little  plant  or  animal  life.  Wooded 
areas  are  confined  to  the  northwest  and  northeast,  and  cultivation  is 
restricted  to  the  river  valleys  that  are  sufficiently  wide.  Although 
irrigation  is  practiced  wherever  water  is  available,  the  deeply  entrenched 
river  courses  make  it  difficult  to  raise  water  to  the  surrounding 
agricultural  land.  For  the  most  part,  the  region  is  bare  and  monotonous 
and  is  used  for  grazing. 

Rainfall  is  limited  and  in  Ankara  amounts  to  less  than  254  millimeters 
(10  in.)  annually.  Overgrazing  has  caused  soil  erosion  in  the  plateau,  and 
during  the  frequent  duststorms  of  summer  a  fine  yellow  powder  blows  across 
the  plains.  In  bad  years  there  are  severe  losses  of  stock.  Locusts  may 
ravage  the  eastern  area  in  April  and  May.  An  area  of  extreme  heat  and 
virtually  no  rainfall  in  sunnier,  the  central  plateau  is  cold  in  winter  with 
heavy,  lasting  snows  and  villages  may  be  isolated  by  severe  snowstorms. 

A  structural  line,  or  fault,  of  major  importance  runs  inland  from  the 
Sea  of  Marmara  in  the  general  direction  of  Ankara.  The  fault  underlies  a 
densely  populated  region  that  is  a  major  transportatio;i  and  conmunication 
corridor.  However,  the  most  devastating  earthquakes  in  recent  years 
occured  in  the  eastern  part  of  the  country. 

C.1.6.5  The  Eastern  Highlands.  Eastern  Turkey  is  rugged  country  with 
higher  elevations,  a  more  severe  climate,  and  more  precipitation  than  the 
central  plateau.  In  the  extreme  east  at  Kars,  winter  temperatures  have 
been  known  to  fall  as  low  as  -40°C  (-40°F). 

From  the  highlands  in  the  north,  sometimes  called  "Turkey’s  Siberia", 
to  the  mountains  of  Kurdistan  in  the  south  that  descend  toward  the 
Mesopotamian  Plain  in  Iraq,  vast  stretches  of  this  eastern  region  consist 
only  of  wild  or  barren  wasteland.  Many  of  the  peaks  are  extinct  volcanoes 
reaching  abuot  3,000  -  4,400  meters  (10,000  -  14,500  ft.)  in  height. 
Fertile  basins  lie  at  the  foot  of  the  lofty  ranges.  Here  are  the 
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headwaters  of  the  Tigris  and  Euphrates.  In  the  easternmost  part  of  this 
region,  the  surface  consists  of  lava  deposits,  and  the  soil  cover  is  often 
thin  or  absent.  Government  efforts  in  the  1940s  to  resettle  sections  of 
the  thinly  inhabited  eastern  highland  region  resulted  in  significant 
population  increases  in  some  agricultural  areas.  Along  the  Murrat  and 
Tigris  river  valleys,  rich  alluvial  soils  containing  decomposed  lava  make 
possible  intensive  crop  cultivation.  The  entire  eastern  third  of  Turkey, 
however,  remains  sparsely  settled.  Its  southeastern  segnent  is  inhabited 
largely  by  nomadic  and  seminomadic  tribesmen. 

The  northern  mountains  are  covered  with  deciduous  and  coniferous 
forests  up  to  the  timberline.  In  many  areas  of  this  region,  the  villagers 
have  cleared  substantial  tracts  of  forest  land  and  have  thus  added  to  the 
erosion  problem.  The  government  has  sought  to  prevent  further  destruction 
by  resettling  some  of  the  mountain  villages. 

C.1.7  Vegetation  and  Soils 

Both  the  natural  vegetation  and  the  cultivated  crops  are  closely 
related  to  climate.  The  constantly  warm  and  moist  coastal  regions, 
especially  on  the  north  coast,  are  forested  unless  they  have  been  cleared 
for  cultivation.  The  coastal  forests,  which  cover  over  13  percent  of  the 
land,  are  mainly  on  the  mountain  slopes  facing  the  seas,  because  of  the 
climate,  mixed  evergreen,  coniferous,  and  deciduous  woodlands  cover  the 
slopes  along  the  north  and  southeast.  Evergreen  oaks  generally  grow  on  the 
lower  slopes  up  to  915  meters  (3,000  ft.).  Cedars,  maple,  juniper,  fir, 
and  valonia  oak  are  found  at  the  higher  elevations. 

The  mountain  peaks  near  the  Sea  of  Marmara  and  Izmir  in  the  west  have 
humid  grassland  near  the  snowline.  The  landscape  below  the  snowline  is 
covered  by  conifers,  and  below  this  the  slopes  are  covered  with  broadleaf 
trees  that  remain  green  year  round.  Broadleaf  trees  include  the  poplar, 
sycamore,  and  mulberry.  Along  the  west  and  southwest  coastal  regions, 
shrubs  and  evergreens  flourish,  particularly  on  the  thinner  soils.  Walnut 
and  poplar  trees  grow  extensively  in  the  damper  areas,  and  cactus  plants 
flourish  in  the  more  arid  areas  of  the  coast.  In  the  eastern  highlands 
niixed  forests  predani nate,  but  the  higher  ridges  and  peaks  have  alpine 
vegetation. 
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In  the  drier  interior  of  the  plateau,  steppe  vegetation  is  cointnon. 
Typical  vegetation  is  a  combination  of  short  grasses  and  bush,  with  lines 
of  stunted  willow  trees  along  the  watercourses. 

There  are  wide  differences  in  the  kinds  of  soils.  In  the  narrow 
coastal  regions  of  the  west,  north  and  south,  terra  rossa  is  found.  Formed 
from  limestone,  it  is  strongly  weathered  and  leached.  Although  this  kind 
of  soil  is  low  in  humus  content,  it  is  enriched  by  iron  and  silica  and  is 
fertile  and  suitable  for  vines  and  citrus  crops.  The  high  iron  content 
gives  the  terra  rossa  a  red  color  that  becomes  yellowish  in  areas  of  higher 
rainfall.  Rich  alluvium,  with  marl  and  clay,  and  some  swampy  or  saline 
patches  prevail  in  the  few  delta  areas. 

Vast  areas  of  the  country  are  covered  by  gray-brown  acidic  soil, 
occuring  primarily  in  the  mountain  regions,  which  are  stony  and  generally 
lack  cropping  possibilities.  Dense  stands  of  deciduous  and  coniferous 
trees  grow  on  these  soils  in  the  higher  elevations.  Large  areas  of  the 
east  and  some  parts  of  the  central  plateau  are  covered  with  hardened  lava 
and  are  almost  entirely  devoid  of  vegetation. 

The  interior  plateau  regions  have  brown  and  reddish-brown  soils  that 
are  deficient  in  nitrogen  and  phosphorus.  Where  the  grass  areas  have  been 
removed,  erosion  has  stripped  off  the  hillside  soils. 

C.1.8  Available  Topographic  Maps  of  Turkey  from  the  DoD 

The  Department  of  Defense  has  two  series  of  topographic  maps  which 
cover  the  Republic  of  Turkey,  as  printed  by  the  Army  Map  Service,  Corps  of 
Engineers.  Also,  city  plans  of  three  Turkish  cities  are  available.  These 
maps  are  tabulated  in  Table  C-2. 

Although  it  is  desirable  to  use  maps  scaled  at  1:50,000  or  larger  for 
path  profiling  purposes,  the  map  coverages  listed  above  are  the  largest 
scale  maps  known  to  be  available  from  the  Department  of  Defense. 


Table  C-2.  Available  Map  Coverage  of  Turkey  from  the  DoD 


Area 

Series  No. 

Scale 

Federal  Republic  of  Turkey 

1404 

1:500,000 

Federal  Republic  of  Turkey 

K  502 

1:250,000 

City  Plans  of: 

Mersin 

K  911 

1:5,000 

Adana 

K  911 

1:10,000 

Iskenderun 

K  911 

1:10,000 

C.2  TOPOGRAPHIC  AND  CLIMATIC  CONDITIONS  OF  GERMANY 

This  section  presents  a  general  description  of  topographic  and 
climatic  conditions  of  the  Federal  Republic  of  Germany.  The  information 
contained  here  was  used  either  as  basis  or  reference  for  DCS  III 

alternative  system  designs. 

C.2.1  Location  and  Political  Boundaries 

Strategically  located  in  north-central  Europe,  the  Federal  Republic  of 
Germany  (F.R.G.,  West  Gennany)  has  an  area  of  about  248,460  sq.  km  (95,930 
sq.  mi.),  aoout  the  same  size  as  the  United  Kingdom  or  the  State  of 
Wyoming.  Its  northern  and  southern  borders  are  relatively  fixed  by  natural 
topographic  features,  bounded  on  the  north  largely  by  the  North  and  Baltic 
Seas  and  on  the  south  by  the  Rhine  River,  Baden  (See  Lake  Constance),  and 
the  Austrian  Alps.  Politically,  it  is  bounded  by  Denmark  to  the  north  and 

Switzerland  and  Austria  to  the  south.  Because  the  country  is  in  the  center 

of  the  northern  European  Plain,  its  eastern  and  western  borders  do  not 

follow  natural  formations.  It  is  bounded  by  the  Netherlands,  Belgium, 
Luxembourg,  and  France  to  the  west  and  by  the  German  Democratic  Republic 
(G.D.R.,  East  Germany)  and  Czechoslovakia  to  the  east. 
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Internally,  the  F.R.G.  consists  of  10  states,  or  Lander.  West  Berlin 
is  located  177  km  (110  mi.)  inside  of  East  Germany  and  is  entirely 
surrounded  by  its  territory.  Although  not  a  part  of  the  Federal  Republic 
and  not  governed  by  it.  West  Berlin  has  developed  strong  ties  with  West 
Germany,  and  has  been  treated  increasingly  as  the  eleventh  Land  by  the 
Federal  Republic. 

The  portion  of  West  Germany  which  is  of  particular  interest  to  the  DCS 
is  approximately  bounded  by  50°  05'  north  latitude  on  the  north,  49°  north 
latitude  to  the  east  and  the  French  border  to  the  west  and  the  south,  7° 
15'  east  longitude  on  the  west,  and  8°  45'  east  longitude  on  the  east. 
Figure  C-4  is  a  map  of  West  Germany  indicating  this  region.  A  map  of  the 
Rhine  River  is  provided  in  Figure  C-5  which  also  outlines  the  DCS  area  of 
interest . 

C.2.2  Population  Centers 

In  West  Germany  there  are  two  belts  of  high  population  density.  One 
is  along  or  near  the  Rhine  River  (which  includes  the  densely-netted  DCS 
area  of  interest)  and  the  other  is  in  the  Borderland  (which  separates  the 
Northern  Plains  from  the  Central  Uplands).  The  two  meet  at  the  Ruhr,  a 
tributary  of  the  Rhine,  which  contains  the  largest  concentration  of  big 
cities  and  industries.  Outside  the  Ruhr  area,  the  high-density  areas  are 
usually  associated  with  a  large  number  of  towns  and  medium-sized  cities 
rather  than  big  cities.  The  principal  exceptions  are  the  three  great 
metropolises:  Bremen,  Hamburg,  and  West  Berlin.  The  former  are  both 

seaports,  and  West  Berlin  has  a  unique  political  status. 

C.2.3  Commercial  Telecommunications 

Supplied  in  Supplement  VII. 

C.2.4  Natural  Topographic  Regions  of  West  Germany 

Broadly  speaking,  the  terrain  in  the  Federal  Republic  of  Germany  rises 
from  the  coastal  lowlands  in  the  north  to  the  Alps  along  the  southern 
border.  The  country  is  generally  flat  in  the  north  and  hilly  in  the 
central  and  western  areas,  rising  in  the  southwest  to  more  than  1,220 
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Figure  C-4.  West  Germany  with  Outline  of  DCS  Area  of  Interest 


meters  (4,000  ft.)  above  sea  level  in  the  Black  Forest.  The  highest 

elevation  is  the  Zugspitze  in  the  Bavarian  Alps  at  2,970  meters  (9,740  ft.) 
above  sea  level.  Three  major  topographic  regions,  like  three  east-west 
bands,  can  be  distinguished. 

The  North  German  Plain  or  Lowland  occupies  approximately  the  northern 
third  of  West  Germany  and  forms  part  of  the  European  Plain  extending  from 
northern  France  to  the  Ural  Mountains  of  the  Soviet  Union.  The  West  German 
portion  rises  very  gradually  southward  from  the  North  the  Baltic  Seas. 

Most  of  it  is  less  than  90  meters  (300  ft.)  above  sea  level  and  only  in  a 
few  places  does  it  exceed  180  meters  (600  ft.).  Along  the  southern  edges 
of  the  Plain,  the  rise  in  elevation  to  the  Central  Uplands  is  gradual  in 

most  places.  This  threshold  zone  is  a  strip  of  land  called  the  Borde  or 

Borderland.  It  curves  northeast  from  Bonn  to  Hannover  and  then  southeast 
toward  Leipzig  in  East  Germany. 

The  Central  Uplands  of  West  Germany  occupies  the  central  third  of  the 
country  and  is  composed  of  rolling  hills  and  mountain  ranges  interlaced 
with  innumberable  valleys  and  gorges.  The  mountain  ranges,  separated 
largely  by  river  and  stream  valleys  are  rounded  and  of  no  great  height. 
Most  of  them  are  less  than  1,000  meters  (3,300  ft.)  in  elevation.  This 
region  occupies  the  area  east  of  the  Rhine  River  in  West  Germany  and  north 
of  the  Main  River,  up  to  the  Borderland. 

The  southern  third  of  the  country  is  known  as  the  Southern  German 
Uplands.  The  area  lacks  no  one  specific  characteristic  to  distinguish  it 
from  the  Central  Uplands.  In  its  topography,  it  is  rather  similar  to  the 
central  region.  Its  mountains,  however,  are  derived  from  different  systems 
from  those  in  central  Germany.  Its  mean  elevation,  even  in  plateau 
regions,  is  considerably  higher.  The  plateau  region,  sometimes  called  the 
Bavarian  Plateau,  rises  gradually  from  about  305  meters  (1,000  ft.)  at  the 
Danube  River  to  about  915  meters  (3,000  ft.)  at  the  Alpine  Foothills.  The 
Bavarian  Alps,  the  most  northern  folds  of  the  Alps,  lie  in  a  narrow  belt 
along  the  southern  border  of  West  Germany  from  Baden  (See  Lake  Constance) 
in  the  west  to  Salzburg,  just  inside  East  Germany,  in  the  east. 
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C.2.5  General  Topographic  Conditions  for  the  Densely  Netted  DCS 

The  area  of  interest  to  the  DCS  is  outlined  in  Figures  C-4  and  C-5. 
The  region  is  dominated  by  the  Rhine  River  as  it  winds  west  from  Mainz  to 
Bingen  after  having  meandered  north  from  Karlsruhe.  This  portion  of  the 
Rhine  lies  in  the  northern  part  of  the  Upper  Rhine  Valley  or  Rift.  (The 
southern  part  of  the  Upper  Rhine  Rift  extends  from  Basle  in  the  south, 
where  the  river  comes  from  the  east  and  turns  northward,  to  Karlsruhe.  It 
is  a  natural  frontier  between  France  and  West  Germany  between  Basle  to  just 
southwest  of  Karlsruhe.) 

The  northern  part  of  the  valley  near  Darmstadt  is  about  24  km  (15  mi.) 
wide  and  is  about  40  km  (25  mi.)  wide  at  Karlsruhe,  the  transition  taking 
place  near  Mannheim.  On  the  east  band  of  the  Rhine,  Mannheim  is  one  of  the 
busiest  river  ports  and  manufacturing  towns  in  the  entire  Rhine  Rift.  The 
valley  is  at  about  100  meters  (330  ft.)  above  sea  level  with  little 
variation  in  elevation  throughout. 

East  of  the  valley,  around  and  above  Darmstadt,  the  land  is  at  about 
150  meters  (490  ft.)  and  contains  trees  and  low  vegetation.  Between 
Darmstadt  and  Heidelberg,  the  land  rises  quickly  from  the  Rhine  Rift  to 
about  300  meters  (980  ft.).  This  region  contains  the  western  part  of  the 
heavily  forested  Odenwald.  Between  Heidelberg  and  Karlsruhe,  there  are 
gently  rolling  hills  which  reach  heights  of  250  meters  (820  ft.).  The 
soils  east  of  the  valley  are  rich  and  fertile,  containing  belts  of 
limestone  and  crystalline  rocks. 

To  the  west  of  the  Rhine  Rift  in  the  area  of  interest,  the  region  is 
known  as  Palatinate  (Pfalzerbergland).  The  terrain  is  quite  hilly,  and  is 
laced  with  rich  coal  seams  and  dense  forests  which  extend  in  a  southwest- 
to-northeast  direction.  The  most  notable  of  these  is  Palatinate  Forest 
(Pzal zerwald) ,  located  northwest  of  Karlsruhe,  with  an  average  elevation  of 
about  460  meters  (1,500  ft.).  North  and  west  of  here,  up  to  the  Nahe 
River,  the  area  is  slightly  lower  in  elevation  and  forested  areas  are  more 
sparse.  North  of  the  Nahe,  several  dense  forest  regions  are  again  found 
and  the  land  elevation  again  averages  about  460  meters  up  to  the  Mosel 
(Moselle)  River  where  the  area  of  interest  ends. 
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C.2.6  General  Climatic  Conditions  for  the  Densely  Netted  DCS 


The  Federal  Republic  of  Germany  lies  entirely  in  the  temperate  zone 
and  westerly  winds  prevail  throughout.  Although  its  southern* border  is  on 
approximately  the  same  latitude  as  the  Canadian  border  of  the  western 
United  States,  its  climate  is  not  as  cold  as  that  of  the  northwestern 
United  States  because  of  the  wanning  effect  of  the  Gulf  Stream.  Except  for 
the  Alpine  Region  on  its  southern  border,  the  country  does  not  experience 
extreme  climatic  differences.  Variations  in  pressure  and  temperature  are 
not  extreme  because  the  usual  differences  between  a  colder  north  and  warmer 
south  are  offset  by  higher  land  elevation  in  the  south.  However,  the 
climate  is  subject  to  quick  variations  when  the  warm  westerly  climate  of 
the  Gulf  Stream  collides  with  the  more  extreme  climate  from  northeastern 
Europe. 

The  highest  average  monthly  temperature  20°C  (68°F)  occurs  in  the 

Rhine-Main  Plain  and  is  slightly  lower  in  the  Rhine  Valley.  Spring  comes 
first  to  the  Rhine  Valley,  it  and  the  North  Sea  Coast  having  the  longest 
frost-free  period  of  7  months  or  more.  The  Rhine  Rift  is  reported  to  have 
the  best  climate  in  all  of  Germany,  mainly  because  the  spring  comes  earlier 
and  summers  are  longer. 

The  prevailing  winds  are  influenced  by  depressions  which  come  inland, 
north  from  the  Atlantic.  They  generally  move  from  the  south,  west,  or 
northwest  and  rarely  from  the  north  or  northeast.  The  windiest  season  is 
early  spring  for  the  Rhine  Rift.  The  spring  and  winter  winds,  known  as 
Fohn,  are  an  important  feature  of  south  German  weather.  They  occur  when 
warm  winds,  drawn  across  the  Alps,  lose  moisture  and  descend  on  the  German 
side  as  dry  currents  warmed  by  compression  during  their  descent.  The  low 
pressures  associated  with  the  Fohn  are  reported  to  have  a  depressing 
psychological  effect  upon  the  inhabitants. 

Surface  elevation  and  relief  are  the  most  important  determinants  in 
amount  of  precipitation.  The  Central  Uplands  averages  a  yearly  amount  of 
rainfall  between  685  and  1,524  millimeters  (27  -  60  in.)  with  the  Rhine 
Rift  being  near  the  lower  limit.  The  maximum  rainfall  for  this  region 
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occurs  in  summer,  July  being  the  wettest  month.  Snow  may  begin  falling  in 
October  above  460  meters  (1,500  ft.)  and  about  a  month  later  at  lower 
elevations.  It  occurs  throughout  the  country  into  mid-April  and  into  May 
at  the  higher  elevations.  The  least  amount  of  snow  occurs  in  the  Rhine  area 
(and  along  the  North  Sea  coast),  which  may  receive  rain  instead. 

Table  C-3  is  provided  to  show  temperature,  relative  humidity, 
precipitation,  and  sunshine  values  for  locations  in  or  near  the  DCS  area  of 
interest. 

C.2.7  Available  Topographic  Maps  of  West  Germany  from  the  DoD 

The  Department  of  Defense  has  a  variety  of  topograhic  maps  which  cover 
West  Germany,  as  printed  by  the  Army  Map  Service,  Corps  of  Engineers. 
Table  C-4  sho'/s  the  series  and  scales  of  these  maps. 

Table  C-4.  Available  Topographic  Maps  of  West  Germany  from  the  DoD 


Series 

Scale 

6401 

1:500,000 

M  501 

1:250,000 

M  642 

1:100,000 

M  745 

1:50,000 

M  841 

1:25,000 

Additionally,  city  plans  of  various  large  scales  are  available  for  a  great 
number  of  West  German  cities. 

C.3  TOPOGRAPHIC  AND  CLIMATIC  CONDITIONS  OF  HAWAII 

The  purpose  of  this  section  is  to  present  a  brief  description  of 
topographic  and  climatic  conditions  of  the  state  of  Hawaii.  The 
information  provided  here  was  used  either  as  a  basis  or  reference  for  DCS 
Hi  alternative  systems  designs. 


C-26 


Table  C-3.  Weather  Conditions  in  or  Near  the  DCS  Area  of 
Interest  in  West  Germany 


FranUurtatn  Main  50’07'N  8*39'E  103m 


1 

r«tiad  1 
1Ut-40 

AvMf* 

AM«iyu 

AbUMv* 

MawAA 

AtwBM** 

AMfBf* 

Ft»c  MMUMI 

Mbimumk 

Uiim 

AMMf* 
IM.M 
Am*  mMA 

Mm.  Ma. 

Mm.  Mml 

Mm.  Ma 

OUO  1S3fi 

Mil 

Utk 

0-1  mm 

»*9 

-10 

M#FM8  CMIM 

10*2  -OO 

144 

-210 

0m 

24 

00m 

77 

mHm0m$ ^ 

17 

Amm 

42 

17 

Amm 

i-0 

-12 

110 

-20 

121 

-122 

04 

70 

44 

20 

12 

a 

22 

100 

10 

122 

-4-1 

22*7 

-20 

04 

07 

22 

22 

12 

122 

22 

— 

107 

•  7 

242 

OO 

200 

-20 

72 

01 

44 

n 

14 

104 

27 

20-9 

•  1 

22*7 

20 

242 

-10 

71 

02 

02 

02 

U 

202 

a 

219 

120 

210 

70 

222 

4*0 

72 

02 

72 

02 

14 

227 

47 

240 

140 

227 

10*1 

221 

7*2 

01 

02 

70 

42 

14 

222 

47 

240 

120 

222 

0*1 

270 

20 

02 

04 

72 

42 

14 

204 

42 

M. 

207 

100 

22*2 

4-7 

240 

00 

02 

02 

S7 

22 

12 

142 

20 

• 

141 

•0 

21‘1 

04 

217 

-40 

01 

00 

02 

20 

14 

04 

20 

i-1 

12 

140 

-20 

120 

-70 

02 

77 

02 

41 

12 

22 

12 

20 

-02 

100 

-70 

120 

-170 

02 

01 

04 

41 

12 

21 

12 

•* 

Fraiburg  im  Braisgau.  48*01 ‘N  7*60'E  258 m 


» 


C.3.1  Location  and  Distribution  of  the  Hawaiian  Islands 

Officially  admitted  to  the  Union  in  1959,  Hawaii  became  the  60th  State 
with  a  land  area  of  about  16,680  sq.  km  (6,440  sq.  mi.),  ranking  it  47th  in 
size.  Located  approximately  3,540  km  (2,200  mi.)  southwest  of  San 
Francisco  and  about  a  third  of  the  way  from  San  Francisco  to  Australia,  it 
is  the  only  State  which  is  not  on  the  North  American  continent.  Hawaii 
consists  of  124  small  islets  and  8  major  islands  which  form  an  archipelago 
strung  out  over  2,400  km  (1,500  mi.)  of  the  central  Pacific  Ocean.  No 
other  land  lies  between  Hawaii  and  the  United  States  mainland.  Figure  C-6 
shows  the  major  islands  of  Hawaii. 

The  Hav/aiian  Islands  are  in  a  strategic  position  on  shipping  routes 
between  the  Americas  and  Japan,  China,  the  Philippines,  and  other  southwest 
Pacific  areas.  Hawaii's  location  has  made  it  a  valuable  stopping-place  for 
trans-Paci f ic  air  routes.  In  addition  to  these  obvious  peacetime 
advantages  for  ships  and  planes,  the  Hawaiian  Islands  provide  an  ideal 
location  from  which  control  of  the  Central  Pacific  can  be  exercised  in  time 
of  war.  Naval  and  air  bases  there  were  of  prime  importance  during  World 
War  II  and  have  been  vital  links  in  U.S.  Defense  Plans  since  the  end  of 
that  war.  Its  military  importance  in  the  U.S.  Defense  system  is  considered 
unmatched  by  any  other  area  in  the  country. 

The  Hawaiian  Islands  include  all  islands  in  the  chain  which  extends 
from  the  small  island  of  Kure,  sometimes  called  Ocean  Islands,  in  the 
northwest  to  the  Island  of  Hawaii,  known  as  the  "Big  Island",  in  the 
southwest,  with  the  exception  of  the  Midway  Islands  which  are  under  the 
administration  of  the  U.S.  Navy.  All  of  the  islands  are  actually  the  peaks 
of  a  chain  of  mountains  that  rise  from  the  Pacific  Ocean  floor.  In 
centuries  past,  they  were  built  by  volcanoes,  inch  by  inch.  There  is  still 
some  volcanic  activity  in  a  few  peaks,  but  it  is  not  very  extensive. 

C.3.1. 1  The  Leeward  Islands.  This  chain  of  small  islands,  rocks,  shoals, 
and  coral  atolls  extends  for  about  2,000  km  (1,250  mi.)  approximately 
northwest  of  the  Major  Islands.  Some  of  the  islets  are  composed  of  lava 
rock,  some  of  coral  and  sand.  The  chain  is  bounded  by  the  islands  of  Kure 
at  the  western  end  and  Nihoa  in  the  east. 
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Because  the  land  mass  of  the  combined  Leeward  Islands  is  only  8.3  sq. 
km  (3.2  sq.  mi.),  the  animals  and  plants  on  these  islets  are  potentially 
more  endangered  than  they  would  be  on  a  larger  land  mass.  For  this  reason 
in  1909  President  Theodore  Roosevelt  proclaimed  the  islands  from  Kure  to 
Nihoa  the  Hawaiian  Islands  Bird  Reservation.  It  is  known  today  as  the 
Hawaiian  Islands  Wildlife  Refuge.  All  of  the  islands  are  uninhabited  with 
the  exception  of  military  installations  on  Kure,  Midway,  and  French  Frigate 
Shoal . 

C.3.1.2  The  Major  Islands.  From  west  to  east,  the  Major  Islands  are 
Niihau,  Kauai,  Oahu,  Molokai,  Lanai,  Kahoolawe,  Maui,  and  Hawaii.  Of 
these,  Oahu  will  be  highlighted  due  to  the  densely-netted  DCS  locatioins  on 
this  island.  The  island  is  centered  about  21°  30’  north  latitude  and  158° 
west  longitude.  A  sketch  of  Oahu  is  given  in  Figure  C-7. 

C.3.2  Population 

Hawaii  ranks  40th  among  the  United  States  in  population  with  over 
three-quarters  of  a  million  inhabitants.  The  eight  islands  positioned  at 
the  eastern  end  of  the  archipelago  are  the  center  of  population  and 
activity. 

The  State  is  obviously  unevenly  settled.  The  capital  city,  Honolulu, 
on  Oahu,  has  the  largest  population  of  any  in  the  state  with  about  325,000 
residents.  It  is  the  center  of  a  metropolitan  area  which  has  over  80 
percent  of  the  Hawaiian  Islands'  population. 

C.3.3  General  Topographic  Conditions  for  the  Densely  Netted  DCS 

The  Hawaiian  Islands  may  be  characterized  as  having  some  coasts  which 
are  low,  sandy,  and  vulnerable  to  tidal  waves,  and  some  bold  cliffs  that 
rise  abruptly  from  the  ocean.  The  sandy  beaches  lead  to  low  vegetation  and 
flowering  trees  which  quickly  give  way  to  rocky,  mountainous  volcanic 
peaks. 

Oahu  Island  is  the  third  largest  of  the  Hawaiian  Islands  (behind 
Hawaii  and  Maui)  with  an  area  of  over  1,550  sq.  km  (600  sq.  mi.).  The 
island  is  marked  by  two  important  land  elevations.  The  Koolau  Range,  at  an 
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average  elevation  of  610  meters  (2,000  ft.)  parallels  the  entire 
northeastern  coast.  Its  highest  peak  is  konahuanui ,  reaching  an  elevation 
of  946  meters  (3,105  ft.).  The  Waianae  Range  is  somewhat  higher  in 
elevation  and  parallels  the  western  coast.  Mt.  Kaala  is  its  highest  peak 
at  1,228  meters  (4,030  ft.).  Both  ranges  are  eroded  with  deep  ravines  and 
gorges  and  are  indented  with  bays.  Few  lakes  and  rivers  characterize  the 
surface;  streams  are  chiefly  short  mountain  torrents.  Vegetation  is  most 
abundant  on  the  northeastern  side  of  the  highlands.  Between  these  ranges 
is  a  large  irrigated  plateau  at  an  elevation  of  about  240  -  305  meters  (800 
-  1,000  ft.)  fran  the  northwest  coast  to  the  sourthern  coast.  The  plateau 
consists  of  volcanic  ash,  gravel,  vegetation,  crumbling  lava,  and  wind 
blown  sand  and  dust.  Oxidation  of  iron  causes  a  red  soil  and  rock  strata. 
The  iron  content  is  insufficient  for  smelting,  and  there  are  no  coal  or  oil 
deposits  on  Oahu  or  any  of  the  Hawaiian  Islands. 

In  many  ways,  Oahu  is  the  most  important  of  the  Hawaiian  Islands. 
Besides  having  most  of  the  state's  population,  the  island  has  an 
international  airport,  the  capital  city  of  Honolulu,  and  Pearl  Harbor  on 
its  southern  coast.  Pearl  Harbor,  located  about  9.5  km  (6  mi.)  west  of 
Honolulu,  forms  a  landlocked  harbor  used  by  the  United  States  as  a  naval 
base  and  surrounds  Ford  Islands.  Hickman  Air  Force  Base  rests  on  the  east 
side  of  the  Pearl  Harbor  entrance. 

C.3.4  General  Climatic  Conditions  for  the  Densely  Netted  DCS 

The  maritime  climate  of  Oahu  is  unusually  pleasant  for  the  tropics. 
The  most  notable  of  Oahu's  climatic  features  are  the  extremely  equable 
temperature  conditions  from  day-to-day  and  season- to-season,  the  persistent 
trade  wind  flow  from  the  northeast,  the  sunniness  of  the  leeward  lowlands 
in  contrast  to  the  persistent  cloudiness  over  nearby  crests,  the  remarkable 
variability  of  rainfall  over  short  distances,  and  infrequency  of  severe 
storms. 
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The  Hawaiian  chain  lies  roughly  along  20°  north  latitude  and  displays 
tropical  to  subtropical  conditions  as  expected.  At  this  latitude  day 
length  varies  only  two  and  a  half  hours  between  the  summer  and  winter 
solstice.  This  relatively  uniform  amount  of  sunlight  dictates  the 
temperatures  do  not  vary  much  throughout  the  year  at  any  particular 
location.  Another  factor  which  tempers  the  climate  is  the  effect  of  the 
surrounding  ocean.  Like  a  vast  insulator,  the  ocean  moderates  temperatures 
near  the  coasts.  (Only  on  the  islands  of  Maui  and  Hawaii  do  large  mountain 
masses  exert  an  effect  which  markedly  counters  the  maritime  influence.) 
Table  C-5  presents  the  average  monthly  and  annual  temperatures  for  1947  to 
1978  at  Honolulu.  The  table  also  includes  the  long-term  mean,  maximum,  and 
minimum  temperatures  recorded  for  each  month  and  annually.  Table  C-6 
displays  the  weather  station  locations  at  Honolulu  where  weather  data  were 
collected. 

Wind  and  cloud  cover  modify  the  temperatures  considerably  as  well  as 
topography.  Deep,  shady  canyons  can  be  cool  while  nearby  ridges  are  warm 
and  steamy.  Extremes  in  temperatures  tend  to  occur  mostly  on  leeward 
coasts  or  leeward  slopes  of  mountains,  where  the  absence  of  trade  winds 
permits  heat  or  cold  to  accumulate.  Within  the  city  limits  of  Honolulu 
there  are  both  warm  and  cool  sections. 

The  pattern  of  trade  winds  tends  to  follow  the  sun.  During  the  summer 
months  when  the  sun  has  moved  north  relative  to  the  earth,  the  Hawaiian 
Islands  lie  midway  in  the  trade  belt.  During  a  typical  summer  month  such 
as  August,  trade  winds  cane  from  north- northeast  to  east  90  percent  of  the 
time  and  half  the  time  they  exceed  21  kilometers  per  hour  (13  mph).  As 
these  winds  traverse  vast  stretches  of  the  Pacific,  they  pick  up 
considerable  moisture.  This  affects  both  cloud  cover  and  rainfall. 
Completely  cloudless  skies  are  quite  rare  at  higher  elevations.  On  the 
average,  it  is  reported  that  two-thirds  of  the  sky  is  covered  by  clouds 
during  the  daylight  hours  except  for  the  leeward  lowlands,  where  it  is 
generally  sunny.  Six  of  the  major  islands,  instead  of  receiving  635 
millimeters  (25  in.)  of  rain  per  year  as  do  the  Leeward  Islands,  average 
1,145  millimeters  (45  in.)  per  year  over  the  entire  surface. 
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Table  C-5.  Average  Temperatures  at  Honolulu 


Table  C-6.  Honolulu  Weather  Station  Locations 


Although  temperature  on  the  average  decreases  with  altitude,  islands 
tend  to  absorb  heat,  leading  to  the  creation  of  inversion  layers  with 
temperatures  increasing  slightly  with  altitude  to  about  1.5  -  2.1  km  (5  -  7 
thousand  ft.),  above  which  cool  air  lies.  The  warm  (or  hot)  air  below  a 
temperature  inversion  layer  tends  to  be  held  between  the  cool  air  above  and 
the  less  warm  air  near  the  ground.  In  the  Hawaiian  Islands,  an  inversion 
layer  of  this  sort  is  reported  to  occur  50  to  70  percent  of  the  time. 

When  a  mountain  sunmit  lies  above  a  temperature  inversion  layer  and 
trade  winds  force  moist  air  up  the  windward  side  of  the  mountain  mass,  the 
trade  winds  penetrate  the  cool  air  at  the  upper  limit  of  the  inversion 
layer  and  condense  into  rainfall  on  the  windward  side  of  the  mountain. 
This  phenomenon  is  demonstrated  in  Figure  C-8a.  A  rounded  mountain  summit 
near  the  inversion  layer  will  condense  rainfall  on  its  windward  side,  and 
this  precipitation  will  continue  onto  the  leeward  side  of  the  sunmit  until 
the  clouds  have  lost  all  of  their  excess  moisture,  as  in  Figure  C-8b. 

The  shape  of  a  mountain  range  may  alter  the  normal  patterns  described 
above,  such  as  on  Oahu.  The  Koolau  Mountains  form  a  chain  normal  to  the 
prevailing  direction  of  the  trade  winds.  The  windward  side  of  this  range 
consists  of  a  long,  sharp  cliff.  When  the  trade  winds  reach  this  cliff, 
they  are  forced  upward  suddenly  and  swiftly.  So  sudden  is  this  updraft 
that  condensation  triggered  by  the  rise  is  carried  ofer  the  summit  and  most 
of  it  falls  just  on  the  leeward  side  of  the  summit,  as  in  Figure  C-8c. 
Rainfall  exceeds  6,350  millimeters  (250  in.  on  the  leeward  side,  while  at 
the  base  of  the  northeast  cliff,  amounts  are  1,270  -  1,905  millimeters  (50 
-  75  in.)  of  rain  per  year.  As  rain  showers  build  up  over  the  Koolau 
Mountains,  they  may  be  carried  by  strong  trade  winds  far  over  the  sunmit 
areas.  In  Honolulu  there  are  often  a  few  very  light  showers  in  the 
afternoon. 
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b.  Mountain  Summit  Near  an  Inversion  Layer 


c.  Mountain  Summit  with  a  Long,  Sharp  Cliff 


Figure  C-8.  Effects  of  Trade  Winds  on  a  Mountain  Summit 
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Figure  C-9  shows  the  extreme  variability  of  rainfall  (in./yr.)  over 
short  distances.  It  should  be  noted  that  as  the  Koolau  Mountains  trigger 
rain  showers  from  the  trade  winds,  rainfall  decreases  on  the  leeward  side 
and  a  "rain  shadow"  is  created.  The  Waianae  Mountains  are  shadowed  by  the 
Koolaus  and  receive  very  little  rainfall  by  comparison.  Table  C-7  shows 
the  monthly  and  annual  amount  of  precipitation  received  at  Honolulu  from 
1947  to  1978  along  with  the  mean  montly  and  annual  amounts  for  this  32  year 
period.  Table  C-8  and  C-9  show  the  weather  conditions  at  Honolulu  for  1978 
and  long-term  normal,  mean,  and  extreme  values. 

Hurricanes  and  other  severe  storms  are  quite  rare  on  Oahu.  Strong 
winds  do  occur  at  times  in  connection  with  storm  systems  moving  through  the 
Islands,  but  seldom  cause  extensive  damage.  When  the  trade  winds  diminish 
or  give  way  to  southerly  winds,  a  situation  known  locally  as  "Kona  weather" 
or  "Kona  storms"  occur,  and  the  humidity  may  become  oppressively  high. 
This  is  in  marked  contract  to  the  persistently  moderate  humidity 
experienced  during  even  the  warmest  months  due  to  the  northeasterly  trade 
winds. 

C.3.5  Available  Topographic  Maps  of  Hawaii  from  the  DoD 

The  Department  of  Defense  has  two  series  of  topographic  maps  which 
cover  the  Major  Islands  of  Hawaii,  as  printed  by  the  Corps  of  Engineers, 
Army  Map  Service.  These  maps  are  tabulated  in  Table  C-10:in 

Table  C-10.  Available  Topographic  Maps  of  the  Major  Hawaiian  Islands 
from  tne  DoO 


Series  No. 

Scale 

W  532 

1:250,000 

W  833 

1:25,000 

The  latter  series  provides  an  excellent  source  for  path  profiling  purposes. 
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Table  C-8.  Weather  Conditions  at  Honolulu  for  1978 
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SUPPLEMENT  I  SYNOPSIS  OF  TOPOGRAPHIC 
CONSIDERATIONS  FOR  THE  DCS 
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SYNOPSIS  OF  TOPOGRAPHIC  CONSIDERATIONS  FOR  THE  DCS 


1.1  GENERAL 

When  radio  waves  are  propagated  over  the  earth,  the  primary 
topographic  considerations  for  point-to-point  services  are  the  electrical 
characteristics  and  the  physical  structure  of  the  earth's  surface  along 
the  great  circle  path. 

The  electrical  characteristics  are  especially  important  for  the 
propagation  of  radio  waves  near  the  surface  of  the  earth  (i.e.,  diffraction 
modes  and  terrestrial  line-of-sight  (LOS)  modes  when  ground  reflections  are 
likely).  For  other  modes  it  is  prudent  to  consider  the  electrical 
characteristics  whenever  ground  reflections  may  occur. 

The  structural  characteristics  of  the  earth's  surface  are  also 
especially  important  for  diffraction  and  LOS  paths  but  are  significant  for 
all  other  propagation  modes  because  these  characteristics  include  the 
natural  structures  of  terrain  elevation  and  vegetation  and  of  man-made 
obstacles.  The  structural  characteristics  set  the  path  geometry  for 
several  modes  of  propagation  and  may  cause  radio  waves  to  be  diffracted  or 
attenuated. 

1.2  ELECTRICAL  CHARACTERISTICS  OF  THE  SURFACE  OF  THE  EARTH 

The  surface  conductivity,  a  (mhos  per  meter.  S/m),  of  the  earth  and 
the  permittivity,  or  ratio  of  the  surface  dielectric  constant  to  that  of 
air,  e,  are  important  parameters  when  a  radio  wave  is  reflected  or 
diffracted  by  the  surface  of  the  earth.  For  LOS  paths,  these  ground 
parameters  may  be  used  to  determine  the  magnitude  of  the  theoretical 
coefficient  and  phase  shift  for  reflection  of  a  plane  wave  from  a  smooth 
plane  surface;  for  diffraction  paths,  an  estimate  of  the  diffraction  loss 
is  a  function  of  these  parameters.  Their  values  are  not  merely  determined 
by  the  nature  of  the  soil,  but  also  by  its  moisture  content  and 
temperature,  by  the  radio  operating  frequency,  and  by  the  penetration  depth 
and  lateral  spread  of  the  radio  wave. 
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If  the  values  of  conductivity  and  permitivity  are  not  known  and  cannot 
be  measured.  Figure  I-l  may  be  used  to  determine  the  approximate  range  of 
values  for  seven  different  types  of  earth  surfaces  as  a  function  of 
frequency.  As  a  note  of  caution,  values  outside  of  these  ranges  can  occur. 

If  a  rough  estimate  of  these  parameters  is  required,  independent  of 
frequency.  Table  I-l  may  be  used  as  an  approximation  for  values  of  surface 
conductivity,  a,  and  permittivity,  e. 

Table  I-l.  Typical  Ground  Parameters 


Type  of  Surface 

o-(S/m) 

€ 

Poor  Ground  (Dry) 

0.001 

4 

Average  Ground 

0.005 

15 

Good  Ground  (Wet) 

0.02 

25 

Sea  Water 

5.0 

81 

Fresh  Water 

0.01 

81 

Figure  1-2  is  a  map  of  Europe  and  parts  of  Asia  which  forms  part  of 

the  first  stage  in  the  presentation  of  a  world  atlas  of  ground 

conductivities  called  for  in  pararagraph  4  of  Decision  3-2  in  Reports  and 

Recommendations  of  the  CCIR,  1978.  The  map  is  subject  to  several 

conditions;  the  most  notable  is  that  they  are  ’’limited  in  application,  at 

least  for  the  time  being,  to  the  VLF  part  of  the  spectrum  (i.e.,  up  to  30 

kHz)".  From  this  figure  it  can  be  seen  that  all  of  Turkey  is  reported  to 

-3  -2 

have  a  surface  conductivity  value  of  between  3  x  10  and  1  x  10  S/m  with 
the  exception  of  Lake  Van,  which  has  a  value  of  4  S/m.  The  densely-netted 
DCS  in  Germany  is  reported  to  have  a  value  of  1  x  10  S/m.  Unfortunately, 
areas  of  interest  in  Hawaii  have  been  deleted  from  the  available  figures. 
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Figure  I-l.  Conductivity  and  Permitivity 


CI-3 


Cl -4 


Figure  1-2. 


Figure  1-3  shows  the  penetration  depth  of  radio  waves,  6 ,  as  a 
function  of  frequency  for  five  types  of  earth  surfaces.  This  parameter  is 
of  particular  importance  when  the  upper  ground  layers  are  of  lower 
conductivity  and  the  electromagnetic  wave  energy  can  penetrate  more  readily 
to  the  lower  layers.  Examples  of  this  are  ice-covered  lakes  and  ocean 
areas.  Examination  of  the  figure  will  reveal  that  this  paraneter  may  be 
neglected  for  higher  operating  frequencies. 

1.3  TERRAIN  ROUGHNESS  CONSIDERATIONS 

In  addition  to  the  parameters  mentioned  above  which  are  important 
factors  for  use  in  determining  the  effective  reflection  coefficient,  the 
terrain  roughness  factor,  <t^,  is  a  significant  factor  for  radio  paths  with 
ground  reflections.  The  terrain  roughness  factor  is  used  to  estimate 
multipath  fading  and  also  to  determine  the  proportion  between  the  specular 
(smooth)  and  diffused  (scattered)  components  of  a  radio  wave  reflected  from 
the  terrain. 

The  roughness  factor  is  the  root-mean- square  deviation  of  the  terrain 
from  an  imagimary  smooth  curve  representing  the  real  terrain.  For  LOS,  the 
terrain  roughness  factor  within  the  first  Fresnel  zone  is  of  significant 
importance  for  prediction  of  link  performance.  The  first  Fresnel  zone  is 
defined  as  the  first  ellipsoid  containing  every  point  for  which  the  sum  of 
the  distances  from  that  point  to  the  two  ends  o*^  the  path  is  exactly 
one-helf  wavelength  longer  than  the  direct  end-to-end  path.  Neglecting 
climatic  effects,  if  no  obstacles  intercept  the  first  Fresnel  zone  it  may 
be  assumed  that  the  transmission  loss  for  the  direct  LOS  path  equals  the 
free  space  value. 

1.4  CLUTTERED  TERRAIN  CONSIDERATIONS 

The  effects  of  diffraction  and  absorption  by  trees,  hills,  and  manmade 
obstacles  are  often  important,  especially  if  a  receiving  installation  is 
low  or  is  surrounded  by  obstacles.  Absorption  of  radio  energy  is  probably 
the  least  important  of  these  factors  except  in  cases  where  the  only  path 
for  radio  energy  is  directly  through  some  building  material  or  where  a 
radio  path  extends  for  a  long  distance  through  trees. 


Studies  made  at  3  GHz  Indicate  that  stone  buildings  and  groups  of 
trees  so  dense  that  the  sky  cannot  be  seen  through  them  should  be  regarded 
as  solid  objects  around  which  diffraction  takes  place.  It  is  reported  that 
at  3  GHz  the  loss  through  a  23-centimeter-thick  dry  brick  wall  was  12  dB 
and  increased  to  46  dB  when  the  wall  was  thoroughly  soaked  with  water.  A 
loss  of  1.5  dB  through  a  dry  sash  window  and  3  dB  through  a  wet  one  were 
reported  to  be  usual  values.  Studies  also  report  that  the  only  objects 
encountered  which  showed  a  loss  of  less  than  10  dB  at  3  GHz  were  thin 
screens  of  leafless  branches,  the  trunk  of  a  single  tree  at  a  distance 
exceeding  30  meters  (100  ft.),  wood- framed  windows,  tile  or  slate  roofs, 
and  the  sides  of  light  wooden  huts.  Field  strengths  obtained  when  a  thick 
belt  of  leafless  trees  was  between  transmitter  and  receiver  were  within  6 
dB  of  those  computed,  assuming  Fresnel  diffraction  over  an  obstacle  slightly 
lower  than  the  trees.  Loss  through  a  thin  screen  of  small  trees  rarely 
exceeded  6  dB  if  the  transmitting  antenna  could  be  seen  through  their 
trunks.  If  sky  could  be  seen  through  the  trees,  15  dB  was  the  greatest 
expected  loss. 

One  source  states  the  empirical  relationship  for  the  rate  of 
attenuation  directly  through  woods  to  be: 

A  =  d  (0.244  log  f  -  0.422),  for  f  >  100  MHz  (1) 

w 

where  A  is  the  absorption  in  dB  through  d  meters  of  trees  in  full  leaf 

W 

with  the  frequency,  f,  expressed  in  MHz. 

The  CCIR  reports  that  in  the  30-MHz  to  3-GHz  range,  the  average 
additional  attenuation  through  wooded  terrain  is  given  by  Figure  1-4. 
Considerable  variation  can  be  expected  in  these  values  due  to  the  density 
of  the  vegetation,  the  moisture  content  of  the  leaves,  and  the  presence  of 
snow  on  the  branches.  An  increase  of  0.1  dB/m  has  been  observed  for  the 
higher- frequency  part  of  the  curve. 

Other  sources  state  that  trees  intercepting  the  first  Fresnel  zone  in 
the  vertical  plane  tend  to  produce  a  loss  of  close  to  6  dB.  In  order  to 
minimize  losses,  it  is  suggested  that  LOS  pahts  should  have  better  than 
grazing  clearance  even  under  the  most  adverse  atmospheric  (refractive) 
conditions. 
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Figure  1-3.  Penetration  Depth 
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Figure  1-4.  Additional  Attenuation  Through  Woods 
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1.5  PATH  GEOMETRY 

Several  figures  have  been  included  for  the  path  geometry  of  several 
propagation  modes  which  are  influenced  by  the  terrain.  Figures  1-5  through 
1-7  provide  the  path  geometries  and  associated  symbols  for  the  LOS, 
diffraction,  and  troposcatter  modes  of  radio  propagation  along  the 
great- circle  path. 
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Figure  1-7.  Troposphe 
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SUPPLEMENT  II 


SYNOPSIS  OF  CLIMATIC  CONSIDERATIONS  FOR  THE  DCS 


11.1  GENERAL 

When  radio  waves  are  propagated  horizontally  or  vertically  through  the 
atmosphere,  the  primary  climatic  consideration  is  the  structure  of  the 
atmosphere  within  the  troposphere.  Tropospheric  effects  include  the 
bending  of  radio  waves  due  to  refraction,  attenuation  due  to  hydrometeors 
(especially  rainfall)  and  atmospheric  gases,  and  scattering  due  to  these 
constituents. 

For  the  bending  of  radio  waves  due  to  tropospheric  refraction,  two 
models  of  the  refractive  gradient  are  presented.  The  linear  model  where 
the  refractive  gradient  is  constant  with  height  and  the  exponential  model. 
The  fonner  applies  to  propagation  near  the  surface  of  the  earth  (i.e., 
terrestrial  line-of-sight  (LOS)  and  diffraction  paths).  The  latter  model 
is  more  appropriate  for  tropospheric  scatter  paths  where  propagation  occurs 
at  greater  altitudes.  For  earth-space  paths,  the  refractive  gradient  is 
not  as  significant  because  propagation  is  generally  in  a  more  vertical 
direction. 

The  attenuation  and  scattering  due  to  tropospheric  constituents  is 
significant  for  all  radio  propagation  modes  mentioned  above.  Methods  of 
predicting  their  effects  are  discussed  in  this  supplement. 

11. 2  STRATIFICATION  OF  THE  EARTH'S  ATMOSPHERE 

Many  of  the  varied  phenomena  occurring  in  the  total  atmospheric 
envelope  of  the  earth  can  generally  be  grouped  by  type  and  altitude. 
Strong  correlations  exist  between  the  physical  (and  optical)  properties  and 
altitude.  This  natural  stratification  of  the  atmosphere  is  illustrated  in 
Figure  II-l,  wherein  the  strata  are  actually  spherical  shells  which 
surround  the  earth.  The  interfaces,  designated  by  the  suffix  "pause", 
separating  the  strata  are  not  sharply  defined,  particularly  at  higher 
altitudes. 
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Figure  II-l.  Stratification  of  the  Earth’s  Atmosphere 


Throughout  much  of  the  atmospheric  envelope,  air  pressure  and  density 
decrease  nearly  exponentially  as  altitude  increases  whereas  temperature 
generally  decreases  linearly.  Because  the  main  heat  source  for  the  lower 
atmosphere  is  the  sun-heated  land-water  surface,  it  is  understandable  why 
normally  the  air  is  colder  with  increasing  distance  from  that  surface. 

Within  the  troposphere,  which  extends  from  the  earth's  surface  to  an 
altitude  of  about  17  km  (10  mi.)  over  the  equator  and  9  km  (6  mi.)  at  polar 
regions,  is  the  turbulent  convective  layer  in  which  it  is  concentrated  a 
large  percentage  of  the  atmosphere's  dust,  water  vapor,  and  clouds.  Due  to 
the  fact  that  these  constituents  are  essential  for  weather-making 
processes,  nearly  all  of  the  weather  phenomena  occur  in  the  troposphere. 

The  layer  surrounding  the  troposphere  is  the  tropopause.  The  altitude 
of  the  summer  tropopause  is  between  15  and  18  km  (9  -  11  mi.)  over  the 
equator  and  8  -  10  km  (5  -  6  mi.)  at  the  poles.  Figures  11-2  through  11-5 
are  world  maps  showing  the  mean  altitude,  in  kilometers,  of  the  tropopause 
for  the  seasonal  months  of  February,  May,  August,  and  November.  A  nominal 
altitude  of  11  km  (7  mi.)  may  be  assumed.  The  tropopause  represents  a 
boundary  separating  the  troposphere  (or  mixing  layer),  below  which  vertical 
air  movement  is  widespread  from  the  stratosphere  (or  stratified  layer)  and 
above  which  vertical  movement  is  almost  absent. 

In  the  stratosphere,  at  heights  between  24  and  50  km  (15  -  31  mi.) 
where  the  atmosphere's  small  amount  of  ozone  is  concentrated,  temperature 
rises  with  altitude.  This  is  because  a  small  fraction  of  the  incoming 
solar  radiation  is  almost  completely  absorbed  at  the  top  of  the  ozone 
layer.  Thus,  at  an  altitude  of  about  50  km  (31  mi.),  air  temperature 
reaches  a  second  maximum  -  one  which  is  nearly  as  high  as  that  of  the 
surface.  Although  air  density  in  the  middle  of  the  stratosphere  at  about 
32  km  (52  mi.)  is  only  one-hundredth  of  its  sea  level  value,  manned 
balloons  have  ascended  to  this  altitude,  which  is  the  usual  ceiling  for 
such  vehicles.  The  stratosphere  extends  to  the  stratopause  located  at 
about  50  km  (31  mi.),  where  air  density  and  pressure  are  one- thousandth  of 
their  sea  level  values  and  the  temperature  is  about  0°C  (32°F). 
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Figure  II-2.  Mean  Altitude  ( kni)  of  the  Tropopause,  February 


Figure  II-3.  Mean  Altitude  (km)  of  the  Topopause,  May 
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Above  is  the  mesophere,  extending  from  the  stratopause  up  to  80  km  (50 
mi.)  where  the  temperature  has  decreased  to  about  -90°C  (-130°F).  Most  of 
the  meteors  that  survive  swift  passage  through  the  outer  atmosphere  are 
completely  vaporized  in  this  region. 

The  next  layer  is  the  ionosphere,  overlapping  the  upper  mesophere  and 
extending  to  about  400  km  (250  mi.).  Lacking  the  protection  of  a  sensative 
layer  overhead,  the  ionosphere  is  strongly  irradiated  by  solar  energy  at 
very  short  ultraviolet  wavelengths  and  by  electrons  and  protons  in  the 
streaming  solar  winds.  Many  ionospheric  molecules  are  thereby  ionized  and 
dissociated,  so  that  free  electrons  and  atomic  oxygen  and  nitrogen  are 

present.  Spectacular  auroral  displays,  or  northern  lights,  occur  when 
bombardment  by  solar  particles  is  severe.  The  ionosphere  is  marked  by 

several  identifiable  layers  of  electrons  which  provide  refraction  and 

scattering  of  radio  waves  of  certain  wavelengths. 

Above  is  the  thermosphere  with  temperatures  exceeding  1000°C  (1800°F) 
and  the  exosphere,  with  the  upper  exosphere  gradually  merging  into  the 
interplanetary  environment. 

I I. 3  TROPOSPHERIC  REFRACTION  CONSIDERATIONS 

Light  visually  demonstrates  how  high-frequency  radiant  energy  is 
refracted  (or  bent)  when  it  passes  from  one  medium  to  another  having  a 
different  density,  approaching  the  more  dense  medium  at  an  angle  other  than 
normal . 

This  effect  may  be  realized  for  a  radio  wave  propagating  in  a 

horizontal  direction  as  it  passes  through  the  troposphere  when  the 
atmospheric  density  is  reduced  with  altitude.  (Actually,  the  atmospheric 
density  is  a  function  of  the  atmospheric  pressure,  water  vapor  pressure, 
and  temperature.)  When  the  top  of  the  wavefront  travels  in  a  less  dense 
atmosphere  than  the  bottom  of  the  wavefront,  the  top  travels  faster  than 
the  bottom,  causing  the  radio  wave  to  bend  downward  instead  of  propagating 
in  a  straig'-t  line,  thereby  increasing  the  radio  horizon. 
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II. 3.1  Refractive  Index.  Refractivit.y,  and  Refractive  Gradient 


A  1978  recoiTHiendation  of  the  CCIR  is  that  the  atmospheric  radio 
refractive  index,  n,  be  given  by  the  following  formula: 

n  =  1  +  (N  X  10'^)  (1) 


where  N  is  the  radio  refract ivity  expressed  by 


where  P  =  atmospheric  pressure  (mb) 
e  =  water  vapor  pressure  (mb) 
T  =  absolute  temperature  (°K) 


(2) 


Near  the  ground,  up  to  several  hundred  meters,  the  variation  of  radio 
refractivity,  N,  with  altitude,  h,  may  be  assuned  to  be  linear  (i.e.,  the 
gradient  N  is  constant).  For  higher  altitudes,  an  exponential  variation 
of  N  with  h  is  reported  to  be  statistically  more  appropriate.  The 
empirical  relationship  that  has  been  established  between  the  mean  value  of 
refractivity  at  the  earth's  surface,  N^,  and  the  mean  refractive  gradient, 
N,  in  the  first  kilometer  above  the  surfaces, 

N/km  =  -7.32  exp  (0.005577  N^)  (3) 

A  normal  gradient  is  equivalent  to  a  gradient  of  about  -40  N-units/km  over 
a  specified  interval,  usually  assumed  to  be  100  meters  (330  ft.). 

For  tropospheric  scatter  propagation,  a  correlation  has  been  found 
between  the  hourly  median  propagation  loss  and  the  monthly  mean  value  of 
surface  refractivity  at  the  altitude  of  the  horizon  obstacles.  Therefore, 
may  be  used  to  characterize  world  climatic  regions  for  the  purpose  of 
estimating  tropospheric  scatter  losses. 

The  sea-level  value  of  refractivity,  N^,  may  be  used  to  eliminate  a 

height  dependence.  Worldwide  mean  values  of  for  February  and  August  are 

presented  in  Figures  II-6  and  II-7  respectively.  Figure  II-8  shows  the 

worldwide  minimum  monthly  values  of  N  .  The  relation  between  and  N  is 

0  so 

reported  to  have  the  form 


exp  (-0.1057  h J 


(4) 
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Figure  II- 
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where  h^  is  the  elevation  of  the  surface  of  the  earth  above  mean  sea  level, 
in  kiloneters  and  is  taken  froni  Figure  II-8.  The  latter  figure 

indicates  that  Turkey  has  a  minimum  monthly  mean  value  of  ranging  from 
300  to  320  N- units,  the  area  of  interest  in  Germany  has  an  approximate 
value  of  320  N-units,  and  350-N  units  is  the  value  for  Hawaii.  In  the 
northern  temperature  zones  in  such  as  Turkey  and  Germany  field  strengths 
and  values  of  reach  minimum  values  during  winter  afternoons. 

11. 3. 2  Effective  Earth  Radius  in  an  Exponential  Atmosphere 

The  concept  of  the  effective  earth  radius  is  to  alter  the  radius  of 
the  earth  on  path  profiles  so  that  radio  waves  which  normally  bend  downward 
in  the  atmosphere  may  be  represented  as  radio  rays  by  straight  lines.  The 
effective  earth  radius,  a,  for  an  exponential  atmosphere  is  given  by  the 
expression 

a  =  a^  1^1  -  0.04665  exp  (0.005577  N^)  j  (5) 

where  a^  is  the  true  earth  radius  in  kilometers.  Generally,  6370  km  is 
used  as  the  true  radius  of  the  earth. 

Most  of  the  refraction  of  a  radio  wave  takes  place  at  low  elevations, 
so  it  is  appropriate  to  determine  and  h^  (or  if  that  value  is  known) 
for  locations  corresponding  to  the  lowest  elevation  of  the  radio  wave's 
most  important  propagation  path,  normally  the  great-circle  path. 

11. 3. 3  The  Effective  Earth  Radius  Factor 

If  the  gradient  N  is  constant  (i.e.,  a  linear  atmospheric  model)  a 
radio  wave  will  bend  with  a  constant  curvature.  For  this  condition  the 
effective  earth  radius  is  given  by  the  expression 

a  =  k  a  (6) 

0 

where  a^  is  the  true  earth  radius  in  kilometers  and  k  is  the  effective 
earth  radius  factor  given  by  the  expression 

I  X  10"^  j  (7) 


with  h  in  kilometers  and  other  parameters  as  previously  defined. 


The  value  of  k  defined  above  from  measured  parameters  taken  at  a  point 
may  not  necessarily  be  the  same  for  another  point  along  the  great-circle 
path.  Source  statistical  analysis  is  available  to  provide  a  cimulative 
distribution  of  k  for  the  path  from  the  measured  parameters  defining  k  at  a 
point.  The  CCIR  reports  a  curve  of  the  minimum  effective  value  of  k  as  a 
function  of  path  length  for  a  continental  temperate  climate,  such  as  that 
which  is  dominant  in  Germany  and  most  of  Turkey,  exceeded  for  approximately 
99.9  percent  of  the  time.  This  curve  is  presented  in  Figure  II-9. 


(Continental  temperate  climate) 


Figure  I I -9.  Minimum  Effective  "k"  for  99.9  Percent  of  Time 
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C.  A.  Samson  has  provided  curves  of  the  cumulative  probability 
distribution  based  on  measured  parameters  of  refractivity  at  a  100-meter 
(330  ft.)  altitude  above  the  ground.  The  curves  have  dual  scales  to  show 
both  the  refractivity  gradient  in  N-units/km  and  the  effective  earth  radius 
factor,  k.  The  only  station  within  Turkey  used  to  obtain  refractivity  data 
was  located  in  Samsun.  The  resulting  curve,  shown  in  Figure  I I -10,  may  be 
representative  of  the  Black  Sea  coastal  region  where  a  maritime  climate  is 

dominant,  but  it  is  recotmiended  that  this  curve  not  be  used  for  other 

regions  of  the  country.  For  Germany,  several  data- gathering  stations  were 
located  in  or  near  the  area  of  interest.  Figures  II-ll  through  11-14 

present  curves  for  Bitburg,  Gross  Rohrheim,  Stuttgart,  and  Wiesbaden.  A 
curve  available  for  Hanover  has  not  been  included  because  it  is  in  a 

different  geographic  region  than  the  area  of  interest  in  Germany.  Two 

stations  in  Hawaii  were  used  to  collect  weather  data,  one  in  Hilo  on  the 
island  of  Hawaii  and  the  other  in  Lihue  on  the  island  of  Kauai.  A  curve 
from  the  latter  station  is  presented  in  Figure  11-15  because  it  is  thought 
to  be  more  representative  of  the  climatic  conditions  experienced  in  the 
area  of  interest  in  Hawaii. 

II. 3. 4  Variations  in  "k"  and  the  Refractive  Gradient 

As  defined  by  equation  (7)  above,  the  point  value  of  k  may  be 

determined  by  the  vertical  refractive  gradient  at  that  point.  In  usual 
conditions  the  refractive  gradient  is  negative,  about  -40  N-units/km,  the 
radio  wave  is  bent  toward  the  earth,  and  the  radio  horizon  is  increased. 
This  is  reflected  in  the  effective  earth  radius  factor  k  ==  4/3  and  defines 

the  condition  called  normal  gradient.  Conditions  resulting  in  k  >  4/3  are 

said  to  be  superrefractive,  with  a  larger  than  normal  gradient  (more 
negative)  causing  the  radio  wave  to  be  bent  more  downward  than  with  a 
normal  gradient.  This  condition  may  be  defined  as  having  a  gradient  of  -50 
to  -100  N-units/kiii  or  more.  The  condition  of  subrefraction  is  an  increase 
in  refractivity,  N,  with  height  (positive  gradient)  that  causes  the  radio 
wave  to  be  bent  upward.  This  results  in  k  <  1  and  is  known  as  an 
earth-bulge  condition.  It  may  result  in  a  decrease  of  the  available 
clearance  above  the  ground  (or  obstacles),  with  fading  due  to  diffraction 
loss  by  the  earth-bulge. 
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Sainsun,  Turkev 


41°  N,  36°  20'  E 


44  meters  msl 


Data:  Radiosonde  0300Z  (0500  LSI):  5/53  -  11/15-53 

0200Z  (0400  LSI):  11/16/53  -  2/57 
OOOOZ  (0200  LSI):  5/57  -  11/60 

Temperature  (°F):  January  50/38;  July  79/65 

Mean  Dewpoint  (°F):  January  33;  July  63 


Precipitation  (inches):  Annual  29.1;  November  3.50;  August  1.30 


Located  in  an  agricultural  and  forested  area  on  the  south  shore  of  the 
Black  Sea;  Canik  Mountains  to  the  south.  A  relatively  mild 
predominantly  maritime  climate. 


Figure  II-IO.  Refractivity  Gradient  and  "k"  at  Samsun,  Turkey 
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Bitburg.  Germany  (Federal  Republic) 

49-57  N.  06-31  E  374  meters  msl 


Data:  Radiosonde 
Temperature  (°F): 

Mean  Dewpoint  (°F): 
Precipitation  (inches): 


0300  and  1500Z  (0300  and  1500  LST)  12/54 
12/55 

January  35/27;  July  69/53 

January  27;  July  53 

Annual  24.9;  July  2.77;  April  1.48 


Located  in  rolling  terrain  of  westert  Germany,  about  15  miles  from 
the  Moselle  River.  A  cool  continental  climate  modified  by  frequent 
exposure  to  maritime  air  masses. 


Figure  II-ll.  Refractive  Gradient  and  "k"  at  Bitburg,  West  Germany 
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Gross  Rohrheim,  Germany  (Federal  Republic) 


49-43  N,  08-28  E 
Data: 


Analyzed  by: 


Temperature  (°F): 

Mean  Dewpoint  (°F): 
Precipitation  (inches): 


90  meters  msl 

60  meter  gradients  based  on  3  hourly  dry- 
and  wet-bulb  temperature  measurements  on  a 
65-meter  tower  20  km  southwest  of  Darmstadt 
June  -  October  1966;  May  -  October  1967 

Dr.  L.  Fehlhaber,  Fermeldetechnisches 
Zentral amt , Darmstadt 

January  38/19;  July  75/56 

January  29;  July  54 

Annual  25.0;  July  2.80;  February  1.58 


Located  in  the  Rhine  Valley.  A  continental  climate  modified  by 
exposure  to  maritime  air  masses. 


Figure  11-12.  Refractivity  Gradient  and  "k"  at  Gross  Rohrheim, 
West  Germany 
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Stuttgart.  Germany  (Federal  Republic) 

48-50  N,  09-12  E  325  meters  msl 

Data:  Radiosonde  0000  and  2000Z  (0100  and  1300  LST)  1961  and 

1962 


Analyzed  by: 

Temperature  (°F): 

Mean  Dewpoint  (°F): 
Precipitation  (inches): 


Dr.  L.  Pehlhaber,  Fernmeldetechniasches 
Zentralamt,  Darmstadt 

January  38/28;  July  75/57 

January  27;  July  53 

Annual  26.5;  June  3.30;  February  1.30 


Located  in  the  valley  of  the  Neckar  River;  woods,  orchards,  and 
vineyards  in  vicinity.  A  continental  climate  modified  by  the  exposure 
to  maritime  air  masses. 


Figure  11-13.  Refractivity  Gradient  and  "k"  at  Stuttgart,  West 
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Wiesbaden.  Germany  (Federal  Republic) 


50-03  N,  08-20  E 
Data:  Radiosonde 

Analyzed  by; 
Temperature  (°F): 

Mean  Dewpoint  (°F) 
Precipitation  (inches): 


140  meters  msl 

0300  and  1500Z  (0400  and  1600  LST)  8/50  - 
5/57 

Stan  Doran,  Telecom,  Inc.,  McClean,  Virginia 

January  37/28;  July  74/57 

January  27;  July  54 

Annual  18.5;  August  2.52;  April  0.91 


Located  on  the  north  side  of  the  Rhine  Valley,  just  below  the  Junction 
of  the  Rhine  with  the  Main  River.  A  continental  climate  modified  by 
exposure  to  maritime  air  masses. 


Figure  11-14.  Refractivity  Gradient  and  "k"  at  Wiesbaden,  West  Germany 
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Lihue,  Kauai ,  Hawai i 
21°  59'  N,  159°  21'  W 
Data:  Radiosonde 


Temperature  (°F): 

Mean  Dewpoint  (°F): 
Precipitation  (Inches): 


36  meters  msl 


0300  and  1500Z  (1600  and  0400  LST):  1/51 
5/57 

0000  and  1200Z  (1300  and  0100  LST):  6/57 
12/57 

January  78/64;  July  83/72 

January  63;  July  68 

Annual  43.0;  January  5.51;  June  1.46 


Located  near  the  eastern  shore  of  a  mid-ocean  island  53  km  long  and  40 
km  wide;  in  the  trade  wind  belt.  Mild  maritime  climate  with  small 
diurnal  and  annual  temperature  ranges. 


Figure  11-15.  Refractivity  Gradient  and  "k"  at  Lihue,  Kauai,  Hawaii 
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II. 3. 5  Clearance  Criteria 


In  order  to  account  for  the  variation  of  k  and  minimize  diffraction 
fading,  a  standard  engineering  practice  is  to  establish  conditional 
clearance  criteria. 

The  publication  Engineering  Considerations  for  Microwave  Communication 
Systems .  1975,  states  that  in  tenns  of  the  first  Fresnel  zone,  Fj  (defined 
in  A.3  of  this  report),  the  following  are  typical  clearance  criteria: 

•  For  “Heavy  Route".  Highest-Reli ability  Systems 

At  least  0.3  Fj^  at  k  =  2/3  and  1.0  F^  at  k  =  4/3, 

.whichever  is  greater.  In  areas  of  very  difficult 
propagation,  it  may  be  necessary  also  to  ensure  a 
clearance  of  at  least  grazing  at  k  =  1/2.  (For  2-GHz 
paths  above  36  miles,  substitute  0.6  F^  at  k  =  1.0.) 

•  For  "Light-Route"  Systems  with  Slightly  Less  Stringent 
Reliability  Requirements 

At  least  0.6  F^  +  10  feet  at  k  “  1.0. 

The  publication  Design  Objectives  for  DCS  LOS  Digital  Radio  Links. 
1977,  suggests  the  following  criteria: 

t  Antenna  tower  heights  on  each  radio  link  shall  be 
determined  such  that  the  antennas  are  unobstructed  and 
have  a  clearance  above  path  terrain  and  obstacles  on 
the  link.  The  antenna  beam  path  shall  meet  or  exceed 
the  following  conditions: 

a.  For  space  diversity  systems,  all  top-to-bottom 
antenna  beam  paths  shall  have  a  0.3  Fresnel  zone 
clearance  for  k  =  2/3,  where  k  is  the  effective 
earth's  radius  factor 

b.  For  non-diversity  radio  links,  the  beam  path 
between  the  single  antennas  at  each  end  of  the 
link  shall  have  a  0.3  Fresnel  zone  clearance  for  k 
=  2/3 

c.  If  year-round  refractive  index  statistics  are 
available  for  the  particular  geographic  area  of 
concern,  all  top-to-top  antenna  beam  paths  must 
meet  or  exceed  grazing  conditions  for  99.99 
percent  of  the  year. 
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II. 3. 6  Ducting 

Ducting  is  an  intensified  form  of  superrefraction  (defined  in  B.3.4) 
that  tends  to  trap  radio  waves  as  though  in  a  waveguide,  greatly  extending 
the  radio  horizon.  With  a  refractive  gradient  in  excess  of  (more  negative 
than)  -157  N-units/km,  k  becomes  negative  and  radio  energy  may  be  refracted 
to  such  a  degree  that  it  follows  the  curvature  of  the  earth.  If  a  radio 
wave  is  elevated  above  a  minimum  angle,  reported  to  range  from  less  than 
two  degrees  to  less  than  one-half  degree,  the  radio  wave  may  penetrate  or 
escape  the  duct. 

A  duct  may  be  "ground-based"  with  the  ground  serving  as  the  ducting 
base,  or  may  be  an  "elevated  duct."  Elevated  ducts  are  usually  less 
important  than  ground-based  ones  for  tropospheric  propagation.  The  more 
conmon  ground-based  ducts  may  be  caused  by  subsidence  or  be  formed  by  the 
passage  of  a  cold  front  over  a  warm,  moist  ground  or  body  of  water  at  any 
time  of  the  day  or  night,  but  tend  to  occur  most  often  during  clear,  calm, 
cool  evenings  and  early  mornings;  they  seldom  occur  during  the  afternoon 
with  its  accompanying  warmth,  low  humidity,  atmospheric  mixing,  and  air 
turbulence. 

Ducting  is  characterized  by  the  thickness  of  the  ducting  layer  and 
trapping  frequency.  When  the  radio  operating  frequency  exceeds  the 
trapping  frequency,  the  mechanism  of  fading  is  associated  with  reflections 
in  the  upper  and  lower  bounds  of  the  duct.  If  both  antennas  are  located 

above  the  duct  and  the  bending  of  the  radio  wave  occurs  above  it,  the  radio 

path  clearance  may  be  referred  to  the  top  of  the  duct.  With  only 

one  antenna  inside  the  duct  or  interception  of  the  radio  wave  by  it  there 
will  be  shadow  zones  resulting  in  a  strong  power  fading.  With  both 

antennas  inside  the  duct,  radio  energy  at  frequencies  above  the  trapping 
frequency  will  be  guided,  resulting  in  a  strong,  steady  received  signal. 

If  economically  feasible,  in  areas  of  frequent  ducting  the  antenna 
heights  may  be  designed  with  enough  clearance  above  the  duct.  Vertical 
space  diversity  may  be  useful  if  one  of  the  receive  antennas  is  illuminated 
while  the  other  is  in  a  shadow  zone.  Frequency  diversity  may  not  be  useful 
unless  one  of  the  frequencies  is  well  below  the  trapping  frequency. 
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Figures  11-16  through  11-27  snow  the  percent  of  time  ground-based 
ducts  may  occur  for  the  seasonal  months  of  February,  May,  August  and 
November  for  frequencies  of  300  MHz,  1  GHz,  and  3  GHz.  The  figures 
indicate  that  trapping  may  occur  20  percent  of  the  time  in  Turkey  for  all 
three  frequencies  in  August  and  10  percent  or  less  for  all  other  months; 
trapping  may  occur  2  percent  of  the  time  for  all  four  seasonal  months  in 
Germany  but  only  during  summer  months  at  3  GHz;  trapping  m^^y  occur  for  5 
percent  of  the  time  in  Hawaii  in  August  at  1  and  3  GHz  and  is  less  than 
this  value  for  all  other  conditions. 

II. 3. 7  Climate  Type  Considerations 

For  scattering  in  the  troposphere,  statistical  data  have  been 
correlated  with  the  annual  mean  value  of  and  the  annual  range  of  monthly 
mean  for  long-term  power  fading.  Both  the  long-term  median  transmission 
loss  and  the  variability  about  the  long-term  median  loss  are  correlated 
with  measured  data. 

The  nine  types  of  climate  based  on  measured  data  and  classified  by  the 
CCIR  are  listed  in  Table  II-l  with  a  description  of  each  type.  Table  II-2 
defines  the  location  from  which  the  measured  data  was  collected. 

Turkey's  climate  type  is  predominately  temperate.  However,  due  to 
the  contrasting  climates  found  in  Turkey,  it  is  not  obvious  if  the 
appropriate  classification  for  the  country  is  continental  temperate  or 
maritime  temperate,  overland.  Turkey  experiences  prevailing  winds  which 
traverse  a  large  iand  mass,  and  the  terrain  is  rugged.  Therefore,  the 
region  more  closely  fits  the  classification  of  continental  temperate  with 
some  Mediterranean  and  maritime  temperate  influences.  The  climate  type 
for  the  area  of  interest  in  Germany  is  clearly  continental  temperate  with 
some  of  the  data  for  this  climate  type  having  been  collected  in  West 
Germany.  For  the  area  of  interest  in  Hawaii,  maritime  temperate  is  the 
appropriate  classification. 
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Less  Than  300  MHz,  February 


Figure  11-17.  Percent  of  Time  Trapping  Frequency  is  Less  Than  300  MHz,  May 


Figure  11-18,  Percent  of  Time  Trapping  Frequency  is  Less  Than  300  MHz,  August 


Figure  11-20.  Percent  of  Time  Trapping  Frequency  is  Less  Than  1  GHz,  February 


Figure  11-23.  Percent  of  Time  Trapping  Frequency  is  Less  Than  1  GHz,  November 


Figure  11-24.  Percent  of  Time  Trapping  Frequency  is  Less  Than  3  GHz,  February 


Figure  11-27.  Percent  of  Time  Trapping  Frequency  is  Less  Than  3  GHz,  November 


Table  II-l.  CCIR  Climate  Types  Summary 


CCIR  Climate  Type  Description 

1.  Equatorial  Corresponds  to  the  region  between  latitudes  10°N  and 

10°S.  The  climate  is  characterized  by  a  slightly  varying 
high  temperature  and  by  monotonous  heavy  rains  which 
sustain  a  permanent  humidity.  The  annual  mean  value  ofg 
N,  (refractivity  at  the  surface  of  the  earth  =  (n-l)  10° 
where  n  is  the  refractive  index  of  the  air)  is  about  360 
N-units  and  the  annual  range  of  variation  is  0  to  30 
N- units. 

2.  Contintental  Corresponds  to  the  regions  between  latitudes  10°  and  20°. 

Subtropical  The  climate  is  characterized  by  a  dry  winter  and  rainy 

summer.  There  are  marked  daily  and  annual  variations  of 
radio  propagation  conditions,  with  least  attenuation  in 
the  rainy  season.  Where  the  land  area  is  dry,  radio 
ducts  may  be  present  for  a  considerable  part  of  the  year. 
The  annual  mean  value  of  N,  is  about  320  N-units  and  the 
range  of  variation,  throughout  the  year,  of  monthly  mean 
values  of  N,  is  60  to  100  N-units. 

3.  Maritime  Also  corresponds  to  the  regions  latitudes  10°  and  20°  and 

Subtropical  is  usually  found  on  lowlands  near  to  the  sea.  It  is 

strongly  influenced  by  the  monsoon.  The  sunmer  monsoon, 
which  blows  from  sea  to  land,  brings  high  humidity  into 
the  lower  layers  of  the  atmosphere.  Although  the  attenua¬ 
tion  of  radio  waves  is  relatively  low  at  both  the 
beginning  and  end  of  the  moonsoon  season,  during  the 
middle  of  the  monsoon  the  atmosphere  is  uniformly  humid 
to  great  heights  and  the  radio  attenuation  increases 
considerably  despite  a  very  high  value  of  N.  There  is  an 
annual  mean  N,  of  about  370  N-units  with  a  range  of 
variation  over  the  year  of  30  to  60  N-units. 
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Table  II-l.  CCIR  Climate  Types  Summary  (Cont.) 


CCIR  Climate  Type  Description 


4.  Desert  Corresponds  to  two  land  areas  which  are  roughly  situated 

between  latitudes  20°  and  30°.  Throughout  the  year  there 
are  semi-arid  conditions  and  extreme  diurnal  and  seasonal 
variations  of  temperature.  This  climate  is  very  unfavor¬ 
able  for  forward- scatter  propagation,  particularly  in 
suniner.  There  is  an  annual  mean  value  of  N  ,  of  about 
280  N-units  and  throughout  the  year  monthly^mean  values 
may  vary  over  a  range  of  20  to  80  N-units. 

5.  Mediter-  Corresponds  to  regions  in  both  hemispheres  on  fringe  of 

ranean  desert  zones,  close  to  the  sea  and  lying  between 

latitudes  of  30°  and  40°.  The  climate  is  characterized 
by  a  fairly  high  temperature,  which  is  reduced  by  the 
presence  of  the  sea,  and  an  almost  complete  absence  of 
rain  in  the  surnner.  Radio-wave  propagation  conditions 
vary  considerably,  particularly  over  the  sea,  where  radio 
ducts  exist  for  a  large  percentage  of  the  time  in  suimer. 

6.  Continental  Corresponds  to  regions  between  latitudes  and  60°.  Such  as 
Temperate  climate  in  a  large  land  mass  shows  extremes  of  tempera¬ 
ture  and  pronounced  diurnal  and  seasonal  changes  in 
propagation  conditions  may  be  expected  to  occur.  The 
western  parts  of  continents  are  influenced  strongly  by 
oceans,  so  that  temperatures  here  vary  more  moderately 
and  rain  may  fall  at  any  time  during  the  year.  In  areas 
progressively  towards  the  east,  temperature  variations 
increase  and  winter  rain  decreases.  Propagation  condi¬ 
tions  are  most  favourable  in  the  sunnier  and  there  is  a 
fairly  high  annual  variation  in  these  conditions.  The 
annual  mean  value  of  N  ,  is  about  320  N-units  and  monthly 
mean  values  may  vary  by  20  to  40  N-units  throughout  the 
year. 
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Table  II-l.  CCIR  Climate  Types  Summary  (Concluded) 


CCIR  Climate  Type 


Description 


7a.  Maritime 
Temperate, 
Overland 


Also  corresponds  to  regions  between  of  about  30°  to  60° 
where  prevailing  unobstructed  by  mountains,  carry  moist 
maritime  air  inland.  Typical  of  such  regions  are  the 
United  Kingdom,  the  west  coast  of  North  America  and  of 
Europe  and  the  northwestern  coastal  areas  of  Africa. 

There  is  an  annual  mean  value  of  N,  of  about  320  N-units, 
with  a  rather  small  variation  of  monthly  mean  values  over 
the  year  of  20  to  30  N-units.  Although  the  islands  of 
Japan  lie  within  this  range  of  latitudes,  the  climate  is 
somewhat  different  and  shows  a  greater  annual  range  of 
monthly  mean  values  of  N  ,  about  60  N-units.  The 
prevailing  winds  in  Japan  have  traversed  a  large  land 
mass  and  the  terrain  is  rugged.  Climate  6  is  therefore 
probably  more  appropriate  to  Japan  than  climate  7,  but 
duct  propagation  may  be  important  in  coastal  and  adjacent 
oversea  areas  for  as  much  as  5  percent  of  the  time. 


7b.  Maritime 
Temperate, 
Oversea 


Corresponds  to  coastal  and  oversea  areas  regions  similar 
to  those  for  climate  7a.  The  distinction  made  is  that  a 
radio  propagation  path  having  both  horizons  on  the  sea  is 
considered  to  be  an  oversea  path  (even  though  the 
terminals  may  be  inland);  otherwise  climate  7a  is 
considered  to  apply.  Radio  ducts  are  quite  common  in 
occurrence  for  a  small  fraction  of  the  time  between  the 
United  Kingdom  and  the  European  continent  and  along  the 
west  coasts  of  the  United  States  of  America  and  Mexico. 


8.  Polar 


Corresponds  approximately  to  the  regions  between 
latitudes  60°  and  the  poles.  This  climate  is 
characterized  by  relatively  low  temperatures  and 
relatively  little  precipitation. 
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Table  II-2.  Locations  of  Data  Collection  for  CCIR  Climate  Types 


Climate  Type 

Data  Collection  Location 

Type  I: 

Equatorial 

Congo  and  Ivory  Coast 

Type  2: 

Continental  Subtropical 

Sudan 

Type  3: 

Maritime  Subtropical 

West  Coast  of  Africa 

Type  4: 

Desert 

Sahara 

Type  5: 

Mediterranean 

No  curves  available 

Type  6: 

Continental  Temperate 

France,  Federal  Republic  of  Germany, 
and  United  States 

Type  7a: 

Maritime  Temperate, 
Overland 

United  Kingdom 

Type  7b: 

Maritime  Temperate, 
Oversea 

United  Kingdom 

Type  8: 

Polar 

No  curves  available 

II. 3. 8  Ray-Bending  for  Earth-Space  Paths 


The  CCIR  reports  that  in  the  case  of  earth-space  propagation,  errors 
in  the  apparent  elevation  angle  of  a  satellite  due  to  refraction  in  the 
troposphere  decreases  as  the  satellite  moves  from  the  horizon  to  the 
zenith.  Table  II-3  shows  the  average  ray-bending  for  propagation  through 
the  atmosphere.  Elevation  angle  errors,  ,  for  paths  of  various  elevation 
angles,  ,  are  presented.  For  purposes  of  this  table,  Turkey  and  Germany 
may  be  defined  as  having  polar  continental  air  and  Hawaii  as  having 
maritime  air. 


Table  II-3.  Ray-Bending  for  Earth-Space  Paths 


Elevation 
Angle  (0) 

Average  Total 

Ray-Bending, 

Day-to-Day 
Variation  in  a0 

Polar  Continental 

Air 

Tropical  Maritime 
Air 

1° 

0.45° 

0.65° 

0.1°  rms 

2° 

0.32° 

O 

• 

o 

4° 

0.21° 

0.27° 

10° 

O 

o 

• 

o 

o 

• 

o 

0.007°  rms 

1 1. 4  ATTENUATICN  BY  RAINFALL  AND  OTHER  HYOROMETEORS 

All  radio  frequencies  are  subject  to  the  effects  of  hydrometeors, 
especially  rain,  which  cause  absorption  and  scattering  of  radio  waves. 
Precipitation  attenuation  may  be  negligible  at  wavelengths  greater  than  10 
cm  (frequency  less  than  3  GHz)  but  must  be  considered  at  wavelengths  less 
than  10  cm.  It  has  been  reported  that  signal  attenuation  in  excess  of  free 
space  in  the  range  of  3  cm  to  30  cm  (10  ~  100  GHz)  is  due  mostly  to  rain  as 
compared  to  other  atmospheric  constituents. 

The  CCIR  has  examined  the  characteristics  of  rainfall  from  two  points 
of  view:  statistical  characteristics  of  rainfall  intensity  at  a  point  and 
spatial  characteristics.  The  CCIR  has  also  examined  attenuation  and 
scattering  by  hydrometeors. 

II. 4.1  Statistical  Characteristics  of  Rainfall  at  a  Point 

It  is  suggested  that  experimental  values  of  precipitation  intensity  be 
used  to  determine  the  cumulative  distribution.  Because .  experimental  data 
are  not  available  for  some  of  the  earth's  regions  and  no  single  parameter 
appears  to  provide  a  satisfactory  method,  the  CCIR  proposes  to,  continue 
using  a  method  based  on  the  concept  of  five  rain-climate  zones.  As  seen  in 
Figure  11-28,  the  zone  which  includes  Turkey  is  Zone  5  except  for  the 
region  on  the  west  side  of  the  Turkish  Straits  known  as  Thrace,  which  is  in 
Zone  1.  Zone  1  may  also  be  used  to  characterize  the  rain  climate  of 
Hawaii.  The  figure  indicates  that  Zone  3  applies  to  Germany.  From  this  an 
estimate  of  cumulative  distribution,  identifying  the  percent  of  an  average 
year  for  which  the  rainfall  rate  is  exceeded  for  these  zones  may  be  found 
using  Figure  11-29.  As  a  note  of  caution,  it  is  suggested  that  these 
curves  should  only  be  used  in  the  absence  of  specific  information  for  any 
location.  Characteristic  values  of  the  parameters  for  the  five  rain 
climate  zones  for  0.01  percent  of  time  are  given  in  Table  II-4. 
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Figure  11-28.  Rain-Climate  Zones  of  the  CCIR 


CII-41 


minute  ^uifsce  lainfatl 


r 


Table  II-4.  Characteristic  Values  of  Parameters  for  CCIR  Rain  Climates 
Zones  (0.01  Percent  of  Time) 


Rain  Climate  Zones 

_ 

Parameter 

1 

2 

3 

4 

5 

Rainfall  Rate,  R  (mm/hr) 

75 

55 

37 

26 

14 

Rain  Cell  Diameter,  D  (km) 

2.5 

2.8 

3 

3.4 

4.5 

Water  vapour  concentration, 
p  (g/m^) 

10 

5 

2 

2 

2 

C.A.  Samson  has  provided  curves  of  rainfall-rate  distributions  with 
data  based  on  point  rates  averaged  over  one  to  five  minutes,  which  can  be 
assuned  to  represent  instantaneous  rates  for  most  applications.  The  only 
stations  used  to  collect  rainfall  data  pertinent  to  this  report  are  located 
in  or  near  the  area  of  interest  in  Germany.  Figures  11-30  through  11-33 
present  curves  from  Darmstadt,  Freiburg,  Karlsruhe,  and  Koblenz. 

II. 4. 2  Spatial  Characteristics  of  Rainfall 

Measurements  made  in  the  United  States  indicate  that  convective 
showers  which  produce  heavy  rainfall  in  temperate  climates  vary  in  size 
during  their  existence  and  vary  considerably  over  short  distances  within  a 
storm.  It  was  found  that  these  showers  may  reach  a  diameter  of  15  -  20  km 
(9  -  12  mi.),  with  an  average  size  estimated  at  8  km  (5  mi.).  The  average 
horizontal  rain  cell  as  a  function  of  rain  rate  (mm/hr)  is  indicated  in 
Figure  11-34.  Maximum  rain-cell  heights  as  a  function  of  rain-climate 
zone  and  percent  of  time  are  given  in  Table  II-5. 
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Darmstadt.  Germany 
49°  51'  N,  08°  41'  N 
Data: 

Source ; 

Temperature  (°F): 

Mean  Dewpoint  (°F): 
Precipitation  (inches): 


281  meters  msl 

Rainfall  rate,  5-min  averages.  Sept.  70  - 
Sept.  71 

Abel  (1973) 

January  38/29;  July  75/56 
January  29;  July  54 

Annual  25.0;  July  2.80;  February  1.58  Days 
with  thunderstorms  28 


Located  in  the  Rhine  valley.  A  continental  climate  modified  by 
exposure  to  maritime  air  masses  from  the  Atlantic  Ocean. 


Figure  11-30.  Rainfall-Rate  Distribution  for  Darmstadt,  West  Germany 
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Freiburg.  Germany 
49°  00'  N.  07°  51 'E 
Data: 

Source: 

Temperature  (°F): 

Mean  Devypoint  (°F): 
Precipitation  (inches): 


286  meters  msl 

Rainfall  rate,  4-min  averages,  1964  and  1965 
Sims  and  Jones  (1973) 

January  39/29;  July  76/57 
January  29;  July  55 

Annual  34.9;  July  4.10;  February  1.70  Test 
period;  26.5  (1964);  77.7  (1965)  Days  with 
thunderstorms  21 


Located  on  the  west  slope  of  the  Black  Forest,  16  km  east  of  the  Rhine 
River.  A  continental  climate  modified  by  exposure  to  maritime  air 
masses  from  the  Atlantic  Ocean. 


Figure  11-31.  Rainfall-Rate  Distribution  for  Freiburg,  West  Germany 
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Source: 

Temperature  (°F): 
Mean  Dewpoint  (°F): 


116  meters  msl 

Rain  rate,  2-min  averages.  Sept.  60  -  Aug  65 
Zedler  (1967) 

January  38/29;  July  75/57 
January  29;  July  55 


Precipitation  (inches):  Annual  29.8;  August  3.07;  February  1.73  Test 

period  26.81  Days  with  thunderstorms  25 


Located  in  the  Rhine  valley  6  km  east  of  the  river.  A  continental 
climate  modified  by  exposure  to  maritime  air  masses  from  the  Atlantic 
Ocean. 


Figure  11-32.  Rainfall -Rate  Distribution  for  Karlsruhe,  West  Germany 
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Koblenz,  Germany 

50°  21'  N,  07°  36'  E  97  meters  msl 

Data:  Rainfall  rate,  4-min  averages,  1970 

Source:  Sims  and  Jones  (1973) 

Precipitation  (inches):  Annual  26.85  Test  period  24.3 

Located  on  the  Rhine  River  at  the  mouth  of  the  Mosel  River.  A 
continental  climate  modified  by  exposure  to  maritime  air  masses  from 
the  Atlantic  Ocean. 


Figure  11-33.  Rainfall-Rate  Distribution  for  Koblenz,  West  Germany 


Avetige  nin  cell  ilte  (km) 
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o  Deiived  bma  (neouatiaii  measaicmenu  cuiie4  out  m  Jtpu  (1968, 1969, 1970);  (Saute  2 

*  Deiived  from  attenutiOD  meuuremeals  einied  out  in  Matoyiu  (1971, 1972):  CIbute  1 
o  Derieed  from  wuthet  tmUr  obeermiou  cenied  out  in  Swtaerlind  (1973):  Obnete  3 

•  Deiived  from  nm(iu(e  obeemtiowm  Fnoce  (1977);  Obute  3 

The  meesuiemena  cenied  out  in  Japan  and  Malayaia  iie  mdbect,  and  me  tberefoK  nbiect  to  caution. 


Figure  11-34.  Average  Rain  Cell  Sizes 


At(tnu*(ioit  coeflWenl,  t/{  (dB/km) 


lUindiop  nzc  diitribution  |L(W>  and  Panont,  1943] 
Tenninai  velodiy  of  nindropi  |Gunn  and  Kinm,  1949) 
Index  of  refraction  of  water  at  20rc  IKay,  1972] 


11-35.  Rain  Attenuation  Coefficient  for  Various  Rain  Rates 


Table  II-5.  Maximum  Rain-Cell  Heights  for  CCIR  Rain-Climates  Zones 


Rain  Climatic  Zone 

Rain  Cell  Height  (km) 

0.001% 

0.01% 

0.1% 

1 

15 

11 

7 

2 

11 

7 

5 

3.  4.  5 

7 

5 

3 

II. 4. 3  Attenuation  and  Scattering  by  Hydrometeors 

The  effects  of  hydrometeors  are  realized  in  two  ways  -  attenuation 
along  the  propagation  path  and  scattering  of  radio  waves  in  all  directions 
which  can  cause  interference  to  other  radio  receivers. 

Two  figures  are  available  to  determine  the  attenuation  coefficient  due 
to  rainfall,  (dB/km).  Figure  11-35  is  a  logarithmic  graph  showing  the 
attenuation  coefficient  versus  frequency  for  various  rainfall  rates.  The 
attenuation  coefficient  may  also  be  found  from  the  nomograph  in  Figure 
11-36  by  placing  a  straightedge  at  the  appropriate  outer  scales  of  rain 
rate  and  frequency  and  reading  the  value  of  attenuation  coefficient  from 
the  center  scale.  Both  figures  have  been  developed  on  the  basis  of 
experimental  data  on  raindrop  size  distribution  (from  Laws  and  Parsons)  and 
on  the  terminal  velocity  of  raindrops  (from  Gunn  and  Kinzer)  using  an 
empirical  model  for  the  value  of  refraction  of  water  at  20°C  (from  Ray). 
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For  radio  propagation  within  the  troposphere,  an  estimate  of  the  rain 
attenuation  may  be  calculated  as  the  product  of  the  attenuation 
coefficient,  Y[^  (dB/km),  the  distance  the  radio  wave  travels  through  the 
troposphere  (km),  and  the  distance  reduction  coefficient.  This  coefficient 
ma^y  be  found  in  Figure  11-37  for  precipitation  intensities  and  path  lengths 
of  50  km  or  less. 

For  earth-space  paths,  the  attenuation  coefficient,  (dB/km),  is 
multiplied  by  the  effective  propagation  path  length  through  the  rainstorm, 
1  (km),  found  in  Figure  11-38.  The  latter  figure  presents  curves  of 
effective  path  lengths  versus  elevation  angle  for  various  rain  rates  and 
was  prepared  from  data  collected  in  areas  having  temperate  climates. 

Three  notable  papers  pertaining  to  rainfall  attenuation  are  provided 
in  Supplements  III, 'IV,  and  V. 

Although  rain  is  the  dominant  hydrometeor  in  the  attenuation  of  radio 
waves,  the  influence  of  clouds,  fog,  snow,  and  hail  requires  attention. 
The  attenuation  coefficient  due  to  clouds  or  fog,  Y^  (dB/km),  may  be  found 
for  small  droplets  generally  less  than  0.01  cm.  It  is  the  product  of  two 
values  -  the  specific  attenuation  coefficient,  K1  (dB/km/(g/m^) ,  and  the 
liquid  water  content  of  the  cloud,  M  (g/m  ).  The  specific  attenuation 
coefficient  may  be  found  from  Figure  11-39,  where  it  is  plotted  against 
frequency  for  various  temperatures.  It  has  been  reported  that  the  liquid 

3 

water  content,  M,  generally  ranges  from  1  to  2.5  g/m  . 

The  effects  of  snow  and  hail  are  presently  not  well  established.  It 
is  reported  that  due  to  the  difference  in  dielectric  properties,  ice  clouds 
give  attenuations  up  to  35  GHz  of  about  two  orders  of  magnitude  smaller 
than  water  clouds  of  the  same  water  content.  At  higher  frequencies  the 
attenuation  may.  be  more  significant. 

With  rain  climate  and  percent  of  time  as  parameters,  the  greatest 
heights  at  which  rain  scatter  returns  are  expected  to  be  significant  are 
as  previously  indicated  in  Table  II-5.  The  maximum  rain  scatter  distances 
as  a  function  of  frequency  and  transmission  loss,  in  dB,  for  0.01  percent  of 
the  time  are  presented  in  Figures  11-40  through  11-42  for  rain-climate 
zones  1,  3,  and  5  respectively.  These  zones  are  relevant  to  Turkey, 
Germany,  and  Hawaii. 
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11-38.  Effective  Path  Length  Through  a  Rainstorm 


Figure  11-40.  Rain  Scatter  Distance  for  0.01  Percent  of  Time,  Rain-Climate  Zone 


Figure  11-41.  Rain  Scatter  Distance  for  0.01  Percent  of  Time,  Rain-Climate  Zone 


Scatter  Distance  for  0.01  Percent  of  Time,  Rain-Climate  Zone 


The  scattering  of  radio  waves  by  f\ydrometeors  ln^^y  cause  a  coupling 
between  radio  waves  transmitted  by  two  antennas  on  the  ground  if  the  two 
conditions  that  the  patterns  of  radiation  of  the  two  antenna  intercept  a 
coninon  volune  and  precipitation  occurs  in  this  volune  are  satisfied. 

II. 5  CONSIDERATIONS  OF  ATMOSPHERIC  GASES 

The  atmospheric  attenuation  of  radio  waves  operating  at  frequencies 
below  about  10  GHz  me^  not  be  significant.  Absorption  by  both  oxygen  and 
water  vapor  content  in  the  atmosphere  does  become  significant  at  that 
frequency  and  above.  Because  of  various  molecular  resonances,  certain 
peaks  and  troughs  of  attenuation  exist.  Frequencies  of  60  and  120  GHz  are 
not  recommended  for  long-distance  propagation  in  the  troposphere  due  to 
oxygen,  and  it  is  similary  not  recommended  to  use  23  or  180  GHz  due  to 
water  vapor  except  in  the  case  of  very  dry  air. 

For  LOS  paths,  the  expression  for  atmospheric  attenuation,  A^,  (dB), 
may  be  written  as 

/  P  \  (8) 

^a  ~  y  00  *  7.5  \oj  *"0 


where  and  y^^  are  the  absorption  coefficients  (dB/km)  for  oxygen  and 

water  vapor  found  in  Figure  11-43,  P  is  the  water  vapor  concentration 
3 

(g/m  )  obtained  from  Figures  11-44  or  11-45,  and  r^  is  the  path  length 
(km). 


For  toposcatter  paths,  the  corresponding  expression  is 


00 


y  r 
ow  w 


(9) 


where  r^  and  r^  are  the  equivalent  absorption  path  lengths  (km)  for  oxygen 
and  water  vapor  obtained  from  Figures  11-46  and  11-47  respectively,  and  foi" 
earth- space  paths  is 


A  =  Y  r  + 
a  00  eo 


y  r 
ow  ew 


(10) 


where  r  ^  and  r  are  the  effective  distances  (km)  of  the  path  through  the 

00  6W 

atmosphere  as  obtained  from  Figures  11-48  and  11-49  respectively. 
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Figure  11-43.  Specific  Attenuation  Coefficient  for  Atmospheric  Gases 
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Figure  11-46.  Equivalent  Path  Length  (km)  for  Oxygen  Absorption 


z 


M 

JS 


c 


? 


C 


Figure  11-47.  Equivalent  Path  Length  (km)  for  Water  Vapor  Absorption 
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Figure  11-48.  Effective  Path  Distance  (km)  for  Oxygen  Absorption 
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Figure  11-49.  Effective  Path  Distance  (km)  for  Water  Vapor  Absorption 
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Figure  11-50  shows  an  estimate  of  the  total  one-way  zenith  attenuation 
for  frequencies  between  1  and  300  GHz  calculated  for  vertical  radio  paths 
through  a  spherically-stratified,  moderately  humid  atmosphere.  Figure 
11-51  shows  the  theoretical  one-way  attenuation  for  vertical  radio  paths 
from  the  indicated  heights  to  the  top  of  the  atmosphere  for  a  frequency 
range  of  1  -  150  GHz  and  for  a  moderately  humid  atmosphere. 

II. 6  AHENUATION  AND  USE  OF  THE  SPECTRUM 

In  order  to  provide  a  general  indication  of  the  possibilities  of  using 
wavelengths  of  a  few  millimeters  or  less  for  telecommunications.  Figure 
11-52  is  presented  to  show  the  specific  attenuation  (dB/km)  for  a  path  near 
the  ground  as  a  function  of  frequency.  For  comparison,  the  figure  gives 
the  attenuation  for  three  rain  rates,  fog,  and  atmospheric  gases,  is 
presented  only  to  give  an  order  of  magnitude  of  attenuation. 
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Figure  11-50.  Total  One-way  Zenith  Attenuation  Through  the  Atfnosphere 
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Figure  11-51.  Theoretical  Vertical  One-way  Attenuation  from  Specified 
Heights  to  the  Top  of  a  Moderately  Humid  Atmosphere 
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Figure  11-52.  Attenuation  Due  to  Rainfall  and  Gases  in  the  Atmosphere 
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Cumulative  Time  Statistics  of  Surface-Point 

Rainfall  Rates 
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4  Ai/rar/ -Statistics  on  rainfall  rales  near  and  above  the  earth's  surface 
are  needed  in  order  to  estimate  the  percentage  of  lime  of  absorption, 
or  scattering  of  radio  waves  that  affect  radio  system  design  and  electro¬ 
space  management.  The  most  useful  averaging  lime  for  computing  such 
rates  is  on  the  order  of  1  min  or  less.  This  paper  extrapolates  excessive 
short'd uration  precipitation  data  to  provide  such  statistics  from  data 
routinely  reported  by  the  National  Weather  Service.  For  the  8766  h 
in  an  average  year,  and  for  a  median  or  random  location  in  any  part  of 
the  world,  the  model  described  here  estimates  the  fraction  of  lime 
during  which  r-minute  average  rainfall  rales  exceed  any  given  value. 

1.  Introduction 

HE  absorption  and  scattering  of  radio-wave  energy  by 
rain  at  superhigli  frequency  (SHF)  and  liiglier  frequencies 
are  fairly  well  understood  [I ) ,  (21 .  To  estimate  the  percent¬ 
age  of  time  that  such  phenomena  are  important,  the  radio 
systems  engineer  needs  predictions  of  the  cumulative  time 
statistics  of  surface  rainfall  rates  for  particular  areas  of  interest. 
This  paper  summarizes  a  large  sample  of  surface  rainfall 
statistics.  An  earlier  version  is  part  of  the  “coordination 
distance”  calculation  procedures  adopted  in  June  1971  by  the 
World  Administrative  Radio  Conference  on  Space  Telecom¬ 
munications  as  part  of  the  International  Radio  Regulations  |3|. 

The  rainfall  statistics  summarized  here  are  based  upon  the 
following: 

1)  average  year  cumulative  distributions  of  hourly  rates  for 
the  10  years  1951  to  1960  and  for  a  total  of  63  stations,  with 
49  in  the  continental  U.S.  (A) ; 

Paper  approved  by  the  Associate  Editor  for  Radio  Communications 
of  the  IEEE  Communications  Society  for  publication  without  oral 
presentation.  Manuscript  received  May  31,  1973.  This  work  was 
supported  by  the  Office  of  Telecommunications,  Institute  for  Tele¬ 
communication  Sciences  (OT/ITS),  U  S.  Department  of  Commerce,  and 
NASA  as  part  of  the  technical  basis  for  a  June  1971  World  Adminis¬ 
trative  Radio  Conference  on  Space  Telecommunications. 

The  authors  are  with  the  Office  of  Telecommunications,  Institute  for 
Telecommunication  Sciences,  U.S.  Department  of  Commerce,  Boul¬ 
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2)  distributions  for  1 5-year  averages  with  recording  intervals 
of  6,  12,  and  24  h  for  22  of  these  stations  |S| ; 

3)  accumulations  of  short-duration  excessive  precipitation 
for  1951  to  I960  for  recording  intervals  of  5,  10,  15,20,30, 
45.  60,  80.  100,  120,  and  180  min  for  48  U.S.  stations  (6); 

4)  a  U.S.  map  of  the  highest  5-min  rates  expected  in  a  two- 
year  period  (7) ; 

5)  maximum  monthly  rainfall  accumulations  and  the  average 
annual  number  of  thunderstorm  days  for  the  period  1931  to 
1960  for  17  U.S.  stations  and  135  additional  stations  reported 
by  the  World  Meteorological  Organization  [8] ,  [9] . 

Some  data  that  have  recently  become  available  for  1-min  and 
4-min  recording  intervals  are  compared  with  calculated  values 
in  Section  III. 

II.  Mathematical  Model 

The  statistical  model  is  based  upon  the  sum  of  individual 
exponential  modes  of  rainfall  rates,  each  with  a  characteristic 
average  rate  /?.  According  to  this  descriptive  analysis 

rainfall  =  Mode  1  rain  +  Mode  2  rain  (1) 

where  the  exponential  distribution  chosen  to  describe  “Mode 
1  rain”  corresponds  to  a  physical  analysis  of  thunderstorms, 
while  “Mode  2  rain,”  represented  by  the  sum  of  two  expo¬ 
nential  distributions,  is  simply  all  other  rain.  In  temperate 
climates  it  appears  that  only  convective  storms  associated  with 
strong  updrafts,  higli  radar  tops,  hail  aloft  and  usually  with 
thunder  can  produce  the  higli  rainfall  rates  identified  by 
Mode  I .  Only  the  higliest  rates  from  excessive  precipitation 
data  were  used  to  determine  parameters  for  Mode  1 ,  which  is 
intended  to  represent  a  physical  mechanism  as  well  as  a  par¬ 
ticular  mathematical  form. 

The  average  annual  total  rainfall  depth  Af  is  the  sum  of  con¬ 
tributions  Afi  and  Afj  from  the  two  modes: 

Af  =Af,  +M2  mm  (2) 


I 


and  the  ratio  of  “thunderstorm  rain,”  A/,  to  total  rain  M  is 
defined  as 

/3  =  A/,/A/,  (3) 

The  number  of  hours  of  rainy  /-min  periods  for  wliich  a 
surface  point  rainfall  rate  R  is  exceeded  is  the  sum  of  contri¬ 
butions  from  the  two  modes: 

?’,(/?)  =  7’„r/„(«)  +  rj,t/j,(«)h  (4) 

so  that  T,(R)l9n .bb  is  the  percentage  of  an  average  year  iluring 
which  /-min  average  rainfall  rates  exceed  R  iiini/h.'  The  data 
sliow  that  the  average  annual  clock  /-min  rainfall  rate  for  each 
of  the  modes  is  fairly  constant.  On  the  other  hand,  the  total 
number  of  rainy  /-min  periods  for  each  mode  is  relatively  much 
more  variable  from  year  to  year  and  between  stations  or 
climate  regions.  Rainfall  climates  defined  by  Barry  and 
Chorley  (10)  for  the  United  States  were  found  to  correspond 
very  well  with  observed  regional  variations  of  the  parameter  /J, 
defined  by  (3)  as  the  ratio  of  “thunderstorm”  or  convective 
rainfall  M\  to  the  total  annual  rainfall  M. 

The  average  annual  totals  of  /-min  periods  of  Mode  1  and 
Mode  2  rainfall  are  Ti,  and  T^t  expressed  in  hours.  The 
average  annual  Mode  1  and  Mode  2  rainfall  rates  are  therefore 

R\t-  (5) 

=4/2/72,  mm/h-  (6) 

It  should  be  worthwhile  to  note  that  M,  and  are  not 
functions  of  /,  since  the  amount  of  rainfall  collected  over  a 
long  period  of  time  does  not  depend  on  the  short-term  record¬ 
ing  interval  /.  But  the  total  number  of  hours  7i,  or  72,  of 
rainy  /-min  intervals  (collecting  at  least  0.01  in  or  0.254  inm 
of  rain  per  interval)  will  depend  on  /. 

The  factors  <7i,(/?)  and  qiiiR)  in  (4)  are  the  complements 
of  cumulative  time  probabilities.  That  is,  each  factor  is  the 
time  that  a  rate  R  is  exceeded  by  Mode  I  or  Mode  2  rain, 
divided  by  the  total  number  of  hours  7,,  or  72,  that  there  is 
more  than  0.254  mm  of  rain  in  a  /-min  period. 

This  paper  is  concerned  with  estimating  cumulative  time 
distributions  of  clock-minute  rates.  For  the  more  general 
case  where  /  >  1  min,  one  more  prediction  parameter  is 
required  than  the  two  that  have  been  defined  as  M  and  0.  Tltis 
additional  parameter  is  the  number  of  hours  D  in  DI24  rainy 
days.  The  formulas  proposed  here  for  <7i,(/?)  and  (72r(^) 
assume  that  the  number  of  rainy  days  in  an  average  year  is 

D/24  =  I  Af/8  rainy  days  (7) 

where  D  is  in  hours  and  M  is  in  millimeters.  This  relation  (7) 
has  been  found  good,  on  the  average,  for  continental  U.S. 
stations.  For  /  =  I ,  the  more  general  formulas  are  almost 
independent  of  D,  so  that 

<?,,(«)  =  exp  (/?/«,,)  (8) 

</2,(/?)  =  0.35  exp  (  0.453074  RIRj,) 

+  0.65  exp  (  2.857143  R/Rjr)  (9) 

'  Following  the  U.S.  National  Weather  Service,  l-h  average  rates  begin 
“on  the  hour"  and  are  called  clock-hour  rates.  Kxtendirtg  this  con¬ 
vention,  a  clock -r-min  rate  is  (60//)  times  the  depth  of  water  collected 
in  a  single  tain  gauge  during  a  continuous  /-min  period  “by  the  clock.” 


and  the  annual  average  Mode  I  and  Mode  2  rates  R , ,  and  R^ , 
are  very  nearly  equal  to  33.333  and  1.75505  mm/h,  respec¬ 
tively,  for  /  =  1 .  Then  (4)  may  be  written  as 

TdR)  =  M  {0.03/3  exp  (-  0.03  R)  -f  0.2  (1  -  /3)  [exp  (-  0.258/?) 

+  1.86  exp  (-  1.63/?)]}  h.  (10) 

Fig.  1  shows  Ti(R)IM  plotted  versus  R  with  the  parameter 
/3.  Figs.  2  and  3  are  world  maps  of  M  and  /3,  respectively. 
Fig.  4  shows  average  year  cumulative  distributions  7,(/?) 
versus  R  for  /  =  I,  5,  30,  60,  360,  and  1440  min  (1  day)  for 
M  -  1000  mm  (40  in)  and  j3  =  0.125. 

When  /3  and  M  are  fixed,  as  they  are  for  any  single  station, 
then  observed  long-term  cumulative  distributions  usually  show 
the  nearly  linear  relationship  between  high  values  of  R  and 
low  values  of  7i(/?)  that  is  illustrated  in  Fig.  1.  One  of  these 
empirically  determined  straight  lines  extrapolated  downwards 
to  /?  =  0  completely  determines  the  Mode  1  parameters  ^  and 
Ru- 

In  order  to  use  Fig.  1  for  estimating  7i(/?),  given  /?,  or  for 
estimating  /?,  given  7,  (/?),  it  is  necessary  first  to  refer  to  Figs. 
2  and  3  to  obtain  M  ai ,!  /3,  respectively,  for  the  point  or  area 
of  interest.  If  R  is  known,  then  Ti(R)IM  is  read  from  Fig.  I 
for  the  appropriate  value  of  /3,  and  is  multiplied  by  M  in  order 
to  estimate  7i(/?).  If  7|(/?)  is  known,  or  calculated  as  87.66 
times  the  percentage  of  an  average  year  for  which  R  is  ex¬ 
ceeded,  then  7i(/?)  is  first  divided  by  M  before  R  is  read 
from  Fig.  I  for  the  appropriate  value  of  0. 

The  next  section  compares  data  with  values  of  R  or  /?(7i), 
read  from  Fig.  1  as  a  function  of  TJAf  and  0,  assuming  that  M 
and  0  are  obtained  from  Figs.  2  and  3. 

111.  Comparison  with  Data 

Table  I  lists  information  about  eight  of  the  recording  loca- 
ations  for  which  long-term  cumulative  distributions  7 ,  (/?)  and 
T^(R)  are  now  available  [11] -[13],  and  Table  II  compares 
estimated  and  observed  values  of  rainfall  rate  R  for  7]  (/?)/8766 
or  74(/?)/8766  equal  to  0.001  ptercent  of  an  average  year 
(5  min)  and  0.01  prercent  of  an  average  year  (53  min). 

Fig.  4  shows  that  estimates  of  /?  for  /  =  1  and  /  =  4  are  nearly 
equal.  The  estimated  values  /?(0.001  percent)  and/?(0.01  p)er- 
cent)  in  columns  5  and  7  of  Table  II,  corresponding  to  the 
recording  locations  listed  in  Table  I,  were  all  obtained  from 
Fig.  I ,  or  by  extrapolation  of  its  curves.  As  this  figure  shows, 
all  clock-minute  rates  above  40  mm/h  are  Mode  1  rates  if  0 
exceeds  0.02,  or  2  percent.  Accordingly,  the  second  term 
of  (10)  may  be  ignored  for  these  data,  and  /?  as  a  function  of 
7|  may  be  expressed  explicitly  as 

/?=  [ln(0.03|3Af/7,)l/0.03  (11) 

in  terms  of  the  natural  logarithm  of  /3Af/7, .  For/?  >40  mm/lt, 
the  unique  and  remarkable  set  of  data  reported  [11]  agrees 
with  the  model  (10)  or  (II)  if  0  =  0.035  rather  titan  0.07, 
which  is  the  value  read  from  Fig.  3.  There  are  almost  16 
million  min  in  30  years,  counting  minutes  when  it  does  not 
rain.  The  highest  I -min  average  rainfall  rate  reported  [11]  for 
1940  to  1970  at  Montsouris,  Paris,  France  is  R  =  260  mm/h. 
The  average  annual  rainfall  for  1940  to  1970  at  St.  Maur,  near 
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Fig.  1.  Norntalized  cumuiative  time  distributions. 
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Montsouris,  is  ^  =  644  mm  (rather  than  the  value  of  890  mm 
read  from  Fig.  2).  According  to  (10)  or  (1 1),  the  calculated 
value  of/?  for  Af  =  644, /?  =  0.035,  and  rif/?)  =  (l/60)/30  = 
1/1800  is  237  mm/lt.  F(  (3  =  0.07,  the  calculated  value  is 
260  mm/h,  agreeing  exactly  with  the  higliest  observed  1-min 
rate.  In  general,  a  clock-f-min  rate  will  exceed  any  given  value 
R  for  t  consecutive  minutes,  on  the  average,  only  once  during 
the  soolled  return  period 

A^o  =(r/60)/7’,(/?)  years.  (12) 

For  some  existing  radio  systems  this  return  period  for  critically 
high  values  of  R  and  for  f  =  1  is  often  comparable  to  the  mean 
time  between  failures  of  critical  equipment  components  (I4|. 


World  record  rainfall  rates  reported  by  the  Air  Force  Cam¬ 
bridge  Research  Laboratory  (AFCRL)  [15]  do  not  correspond 
to  the  median  locations  represented  by  (10)  and  (11).  Tire 
following  may  be  used  to  approximate  [15,  fig.  5-5] ; 

/?  =  281  5\/T  mm/h  (13) 

for  record  rates  and  t>8  min.  For  /  =  8,  /?  =  1000  mm/h. 
This  is  the  highest  rate  recorded  in  [15,  fig.  5-5]  for  any  col¬ 
lection  interval,  including  1  <  /  <  8  min. 

These  extremely  high  rates  presumably  correspond  to  rare 
situations  involving  a  convergence  of  storm  systems  and  stor¬ 
age  of  rain  aloft,  followed  by  a  sudden  decrease  in  updrafts. 
Such  conditions  would  violate  long-term  conditions  for  a 
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total  number  oe  hours,  T,  (R),  oe  rainy  I -minute  periods  for  which  R  is  exceeded 
Fig.  4  Average  year  cumulative  time  distributions  Tf(R). 


Poisson  distribution  of  randomly  light  rainfall  within  ordinary 
heavy  storms.  The  observed  exponential  distribution  of 
for  a  fixed  R,  as  expressed  by  (II),  is  consistent  with  the 
assumption  of  a  Poisson  distribution  of  durations  for  rates 
less  than  R  [16] . 

The  standard  error  of  prediction  associated  with  (II)  depends 
upon  what  ( 1 1 )  is  used  for,  as  well  as  what  it  is  based  on.  The 
root-mean-square  deviation  of  the  median  observed  R  for  the 


years  1951  to  1960  and  for  any  fixed  t  is  8.4  mm/li.  This  is 
calculated  for  the  48  U.S.  stations  for  which  excessive  pre¬ 
cipitation  data  were  analyzed,  and  for  all  of  the  six  collection 
intervals  t=  10,  15,  20,  30,  45,  and  60  min.  Tlie  standard 
deviation  of  the  data  from  year  to  year  for  t  =  30  min  and 
10  randomly  selected  stations  varies  from  10  to  30  mm/)i,  and 
the  corresponding  pooled  standard  deviation  is  21.5  mm/h. 
For  the  same  10  selected  stations,  the  standard  error  due  to 
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TABLE  I 

Rain  Gauge  Loc  ations  and  Recording  Pe:kiods 


1.  Momsouris,  Paris,  France,  48.8°N,  2.5°L  111) 

(30  years,  1940-1970  except  1956) 

2.  Franklin,  N.C.,  35. 0“N,  83.5%  (I2{ 

(2-1/3  years,  Dec.  1960-Apr,  1962) 

3.  WestConcord,Mass.,42.5"N,71.3'“W  (131 

(2  years,  1962  and  1963) 

4.  Pleiku,  S.  Vietnam,  14.0°N,  108.0°E  |121 

(1-1/2  years,  1963  and  1965) 

5.  DaNang,S.  Vietnam,  16.1°N,108.2°E  [12| 

(1  year,  Jan.  1963-+'eb.  1964) 

6.  Saigon,  S.  Vietnam,  10.8‘’N,  106.7°E  |12) 

(  1  year,  Jan.  19M-Dec.  1964) 

7.  Coral  Gables,  Miami,  Fla.,  25.7°N,  80.3°W  112) 

(1  year,  Aug.  1957-Aug.  1958) 

8.  Island  Beach,  N.J.,39.9”N,  74. rw  [121 

(1  year.  May  1961-May  1962) 


TABLE  (1 

Data  and  Calculations 


M 

e 

R(0.001  percent) 

/?(0.01  percent) 

t 

(Fig.  2) 

(Fig.  3) 

Estimated 

Observed 

Estimated 

Observed 

1. 

1 

890 

0.07 

103 

64 

30 

2. 

1 

1270 

0.32 

164 

171 

88 

68 

3. 

1 

960 

0.10 

118 

120 

39 

53 

4. 

4 

1780 

0.40 

190 

174 

112 

94 

5. 

4 

1650 

0.42 

183 

142 

105 

94 

6. 

4 

2030 

0.45 

192 

210» 

118 

110 

7. 

1 

1520 

0.70 

197 

189 

118 

120 

8. 

1 

1080 

0.12 

123 

119 

48 

52 

•Extrapolated:  for  T, (/?)/8766  =  0.002  percent,  calculated  and  ob¬ 
served  values  are  167  and  190  mm/h,  respectively. 


variations  of  A/,  =  (3A/,  read  from  Figs.  2  and  3,  and  then  com¬ 
pared  with  values  determined  directly  from  (11)  and  data  for 
is  11  mm/h.  Then  if  (11)  is  used  to  estimate  R  for  a 
random  station  year,  rather  than  for  an  average  year  and 
median  station  (such  that  half  of  all  observed  values  are  ex¬ 
pected  to  be  less  and  half  greater  than  the  estimated  R),  the 
total  standard  error  is 

Or  =(8.4’  +21.5^  +  11^)’'^  =26  mm/h  (14) 

provided  that  only  Mode  1  (/?  >  40  mm/h)  is  involved. 

Suppose,  for  instance,  that  M=  1000  mm  and  P  =  0.2  ac¬ 
cording  to  Figs.  2  and  3.  Fig.  1  estimates  that  70  mm/h  will 
be  exceeded  for  60  min  in  an  average  year.  Then  two  thirds 
of  all  rates  for  random  station  years  will  lie  between  44  and 
96  mm/h. 

The  electrospace  planner  or  system  engineer  who  is  interested 
in  an  average  year  and  a  median  location  could  hope  for  a 
standard  error  less  than  10  mm/h  if  the  estimates  of  Af  and  ^ 
were  sufficiently  reliable.  For  any  radio  link,  a  minimum 
acceptable  wanted-to-unwanted  signal  ratio  is  required  for  an 
acceptable  grade  of  service.  Service  probability  has  been 
defined  [17|  as  the  probability  that  this  ratio  is  exceeded  for 
some  minimum  acceptable  fraction  of  a  given  “time  block,” 
assumed  here  to  be  all  of  the  hours  of  every  day  in  an  average 
year. 

It  is  usually  reasonable  to  assume  that  during  any  given 
minute  the  dominant  unwanted  signal  in  a  radio  system  comes 
from  a  single  source,  either  internal  or  external  to  the  system. 
To  estimate  cumulative  time  of  interference,  then,  one  can  add 
the  numbers  of  minutes  during  which  different  sources  and 


prooagation  mechanisms  (including  diffraction,  ducting,  and 
various  types  of  scattering)  are  dominant  contributors  to  the 
system  noise  temperature.  This  procedure  is  usually  realistic 
whenever  the  total  time  occupied  by  unwanted  signal  events 
is  short  compared  to  the  time  block  during  which  service  must 
be  provided. 

IV.  Conclusions 

A  model  for  the  calculation  of  cumulative  time  statistics  of 
point  rainfall  in  the  United  States  has  been  derived  from  a 
broad  data  base.  It  provides  estimates  of  the  percentage  of  an 
average  year  that  1-min  average  surface  rainfall  rates  exceed 
any  given  value  R.  Relationships  between  R  and  the  volume 
reflectivity  and  absorptivity  of  rain  make  it  possible  to  estimate 
the  accumulated  time  of  interference  from  hydrometeor 
scattering  or  absorption  near  the  earth’s  surface,  in  terms  of 
a  given  volume  average  of  R  exceeded  for  a  given  percentage 
of  an  average  year  [1  ] ,  [2] . 

The  methods  used  for  the  selection,  interpolation,  and  ex¬ 
trapolation  of  available  data  emphasize  high  rain  rates,  as  well 
as  heavily  populated  areas  where  radio  interference  problems 
and  surface  rainfall  data  tend  to  be  concentrated.  More 
general  interference  probability  estimates  will  require  an  ex¬ 
amination  of  the  dependence  of  these  cumulative  time  statis¬ 
tics  on  area  and  height  above  the  earth’s  surface,  including 
specific  allowances  for  area  and  height  resolution,  as  well  as 
regional  and  time  resolution. 
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Estimating  Year-to-Year  VariabUity  of  Rainfall 
for  Microwave  Applications 

H.  T,  DOUGHERTY  AND  E.  J.  DUTTON 


Abilnet -Recent  piogreis  is  reported  for  extensions  of  the  Rice- 
Hofanberg  rainfiU-prediction  model.  This  extension  provides  for  the 
yeu^to-yeu  variation  expected  for  rainfall  and  it  required  to  permit 
any  useful  comparison  of  predicted  with  observed  rainfall  (or  predicted 
with  observed  microwave  attenuation  due  to  rainfall).  The  results  are 
illustrated  for  Europe. 


I.  INTRODUCTION 

In  1973,  Rice  and  Holmberg  [1]  presented  a  worldwide 
rainfall  prediction  model.  The  model  is  designed  specifically 
for  telecommunication  applications  and  consists  of  distribu¬ 
tions  of  f-minute  (f  =  1,  5,  30,  etc.)  point-rainfall  rates 
predicted  from  historical  meteorological  data.  This  prediction 
model  contains  three  basic  parameters;  M,  the  annual  rainfall 
in  millimeters;  0,  the  ratio  of  thunderstorm  rain  to  total  rain; 
and  D.  the  annual  number  of  days  for  which  precipitation 
>0.25  mm.  By  relating  D  to  the  annual  rainfall  M  and  provid- 
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ing  global  maps  of  the  two  parameters  M  and  0,  Rice  and 
Holmberg  extended  their  rain-rate  prediction  worldwide.  This 
rainfall  prediction  modeling  was  provided  for  an  average  year 
based  upon  information  extracted  from  (for  some  locations) 
up  to  30  years  of  climatological  data.  However,  one  of  the 
most  striking  aspects  of  rainfall  is  its  variability,  in  both  space 
and  time.  The  purpose  of  this  letter  is  to  report  on  progress 
in  extending  the  Rice-Holmberg  model  by  estimating  the 
spatial  and  temporal  (year-to-year)  variability  of  rainfall. 

11.  SPATIAL  VARIATION  OF  RAINFALL 

Of  course,  the  spatial  variability  has  been  described  in  a 
crude  fashion  by  a  division  of  the  world  into  rainfall  zones, 
based  partially  upon  the  Rice-Holmberg  worldwide  mapping 
of  M  and  For  example,  Europe  was  characterized  by  three 
rainfall  zones  [2].  Recently  more  detailed  mappings  of  the 
three  basic  parameters  (Af.  and  D)  were  developed  for 
Europe,  and  rainfall  zones  were  defined  as  depicted  in  Fig.  1 
[3]  (4).  Figure  2  shows  their  corresponding  predicted  (r  = 
1  min)  rain-rate  distributions.  However,  these  climatological 
rainfall  zones  are  geared  to  conditions  more  related  to  agricul¬ 
ture  than  to  telecommunications.  Although  there  tends  to 
be  some  uniformity  of  average  annual  precipitation,  Af, 
throughout  a  zone,  this  is  less  true  for  0  and  the  resulting  rain¬ 
fall  rate.  Detailed  mappings  of  Af,  P,  and  D  determined  from 
249  European  locations  permit  a  much  more  detailed  presenta¬ 
tion  of  the  spatial  variation  of  rainfall  than  does  the  zonal 
concept.  This  is  illustrated  in  Fig.  3  by  the  contours  of  r  =  1 
min  rainfall  rate  (Ri  in  mm/h)  expected  for  0.1%  of  an 
average  year  in  Europe.  These  contours  were  drawn  from  the 
data  obtained  at  the  249  station  locations.  Figure  4  is  for 
0.01%  of  an  average  year;  a  similar  mapping  is  available  for 
1.0%  of  an  average  year  in  Europe  [3] . 

III.  YEAR-TO-  YEAR  VARIATION  IN  RAINFALL 

With  the  rapid  extension  of  communication  systems  to 
EHF,  both  terrestrial  and  satellite  telecommunications  have 
experienced  the  impact  of  the  year-to-year  variability  of 
rainfall  and  its  attenuation  of  microwaves  (6|  [7] .  Until  very 
recently,  however,  this  temporal  variability  had  not  been 
treated,  although  it  can  be  determined  from  estimates  of  the 
year-to-year  variation  in  rainfall  data  for  rainfall  zones  and 
locations  throughout  the  world.  For  example,  in  the  process  of 
determining  rainfall  distributions  for  the  ten  rainfall  zones  of 
Europe,  it  was  necessary  to  also  examine  the  monthly  rainfall 
data  for  the  249  stations  from  1952  through  1972.  By  regres¬ 
sion  analysis,  it  was  subsequently  found  that  the  number  of 
rainy  days,  D.  may  be  expressed  [3|  in  terms  of  Af  and  0. 
Further,  the  year-to-year  variation  of  Af  and  0  were  determined 
for  each  zone  and  approximated  by  normal  distributions  [5] . 

The  mathematical  formulation  of  the  Rice-Holmberg 
distribution  is  that  of  the  cumulative  time  (or  the 

percent  of  time  Pf(R)],  for  which  a  given  r-minute  rainfall 
rate  Rf  is  exceeded  during  an  average  year.  That  is,  Pi(R)  is 
an  explicit  function  of  Rf.  As  such,  it  can  be  awkward  to 
assess  the  variation  of  Rf  in  terms  of  the  variations  of  Af  and 
0.  However,  it  is  relatively  straightforward  for  the  inverted 
relationship,  i.e.,  when  Rt(P)  is  a  function  of  Pf.  For  the 
purposes  of  variational  analysis  only,  it  was  therefore  con¬ 
venient  to  substantially  reduce  the  mathematical  complexity 
of  the  Rice-Holmberg  distribution.  The  tri-exponential  form  of 
the  Rice-Holmberg  distribution  has  been  approximated  by 
three  alternate  exponential  forms  whose  coefficients  and 


Figure  1 .  Ten  European  rainfall  climatic  zones. 


PERCENT  TIME,  P,  (R),  ORDINATE  IS  EXCEEDED 

Figure  2.  Estimated  distribution  of  rainfall  rates  for  one-minute 
periods,  Pi(R),  for  the  European  rainfall  climatic  zones. 

powers  of  the  variable  R  differ  from  the  three  ranges  of  R 
values  of  interest  [3].  The  three  ranges  of  R  are  those  for 
which  the  rainfall  is  heavy  or  primarily  convective,  very  light 
or  primarily  stratiform,  and  moderate  or  mixed  convective  and 
stratiform.  The  associated  coefficients  were  determined  by 
regression  analysis  so  that  the  modified  form  produces 
minimal  change  in  predicted  values  and  is  exact  for  rainfall 
rate  values  of  30  mm/h  or  more.  The  standard  deviation  of  the 
predicted  rainfall  rate  at  a  point  can  therefore  be  expressed 
in  terms  of  the  average-year  values  and  year-to-year  standard 
deviations  of  Af  and  0  determined  from  rainfall  data  at  stations 
in  the  vicinity  of  the  point  of  interest  ( 5 1 . 

As  an  example  of  this  process.  Table  I  lists  the  standard 
deviations  SjtifP)  for  the  temporal  and  spatial  variation  (year- 
to-year  and  by  stations  within  a  zone)  of  r  =  I  min  rainfall 
rates  Ri(P)  for  specified  percentages  PiiR)  of  any  year  and 
for  each  of  the  ten  European  zones.  Note  that  these  standard 
deviations  range  from  9  to  45%  of  their  corresponding  average- 
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Figure  3.  Spatial  distribution  of  1-min  rainfall  rates,  Ri  in  mm/h,  Figure  4.  Spatial  distribution  of  1-min  rainfall  rates,  Ri  in  mm/h, 
expected  for  0.1%  of  an  average  year  in  Europe.  expected  for  0.01%  of  an  average  year  in  Europe. 


TABLE  1 

ESTIMATED  DEVIATIONS  Sri(/0,  SPATIAL  AND  TEMPORAL,  OF 
t  =  1  MIN  ZONAL  RAINFALL  RATES  Ri(F)  FOR  SPECIFIED 
PERCENTAGES OF  ANY  YEAR 


Pj(R) 

=  1% 

Pj  (R) 

=0.1% 

Pj(R)=0 

.01% 

European 

Climatic 

Rainfall 

Zone 

mii’/hr 

S-j(U) 

nm/hr 

P.j(0.1%) 

rar/hr 

S'j(0.1%) 

rwi/iir 

Pj(O.OH) 

rm/hr 

S'^(0.01%) 

mm/hr 

1 

2.3 

0,2 

17.3 

4.3 

2 

3.4 

0.4 

7.5 

3 

2.8 

0.3 

6.5 

4 

2.8 

0.3 

33.2 

11.1 

5 

2.3 

0.2 

8.2 

3.0 

26.6 

7.8 

6 

4.1 

0.8 

14.8 

6.6 

56.6 

17.4 

7 

7.8 

2.9 

25.4 

8.5 

95.6 

14.9 

8 

3.0 

0.4 

11  .fi 

5.0 

48.5 

15,0 

9 

3.4 

0.4 

12.3 

5.0 

45.5 

8.2 

10 

2.8 

0.3 

10.3 

3.5 

38.6 

10.2 

year  rainfall  rate.  For  each  zone,  the  Ri(P)  values  for  Pi{R)  = 
1,  0.1,  and  0.01%  are  three  points  on  the  zonal  distribution  of 
rainfall  rates  for  an  average  year  (as  in  Fig.  2).  We  assume  that 
the  year-to-year  variation  is  normally  distributed.  For  each 
percentage  Pi(R),  the  corresponding  Sjji'fF)  is  proportional 
to  the  value  I.64S  Sni'(.P)  which  must  be  added  to  and 
subtracted  from  R^{P)  to  determine  the  range  within  which 
will  fall  90%  of  rainfall  rates  observed  for  P  percent  of  any 
year  at  some  point  within  the  zone.  From  zone  4  in  Table  I, 
the  rainfall  rate  exceeded  fof  0.01%  of  an  average  year,  33.2 
mm/h,  would  correspond  to  a  specific  attenuation  at  1 S  GHz 
of  1.9  dB/km  (2) .  For  only  5%  of  the  years  would  the  rainfall 
exceed  33.2  -I-  1.645(11.1)  «51.5  mm/h,  but  the  specific 
attenuation  at  IS  GHz  would  exceed  4.5  dB/km.  Although  the 
expected  0.01%  rainfall  is  55%  higher  for  5%  of  the  years  than 
for  the  average  year,  the  corresponding  1 5  GHz  specific  atten¬ 
uation  is  increased  by  1 50%.  Further,  the  effective  path  length 
through  the  rainfall  is  likely  to  exceed  a  few  kilometers  {2] . 

As  an  alternative  to  the  zonal  approach,  most  of  the  spatial 
variation  can  be  eliminated  by  determining  contour  maps  of 


the  rainfall  rate.  For  example.  Figs.  3  and  4  are  such  determin¬ 
ations  of  the  rainfall  rates  predicted,  respectively,  for  0. 1  and 
0.01%  of  an  average  year.  Then,  the  corresponding  standard 
deviations  of  the  temporal  variation  can  be  mapped,  as  in  Figs. 
5  and  6.  Actually,  these  temporal  standard  deviations  also 
contain  a  slight  element  of  spatial  uncertainty,  as  a  result  of 
approximations  in  the  evaluation  procedure  [  5  ] . 

IV.  CONCLUSION 

The  usefulness  of  the  Rice-Holmberg  rainfall  prediction 
model  has  recently  been  extended  by  the  detailed  mappings 
of  M,  0,  and  D  now  available  for  Europe  (3)  and  in  prepara¬ 
tion  for  the  U.S.A.  [5).  However,  this  note  indicates  the 
further  development  of  that  model  by  estimating  the  expected 
year-to-year  variation  in  Europe.  That  is,  although  Figs.  1  to 
4  provide  the  Rice-Holmberg  rainfall  rate  predictions  for  an 
average  year  in  Europe,  Table  I  or  Figs.  5  and  6  provide  the 
basis  for  determining  the  confidence  limits  of  that  prediction, 
the  intervals  within  which  a  specified  percentage  of  observa- 
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Figure  5.  Spatial  distribution  of  the  standard  deviation,  in  mm/h 
for  the  year-to-year  variation  of  1-min  rainfall  rates  expected  for 
0.1%  of  an  average  year. 


Figure  6.  Spatial  distribution  of  the  standard  deviation,  Sri  in  mm/h 
for  the  year-to-year  variation  of  I -min  rainfall  rates  expected  for 
0.01%  of  an  average  year. 


tions  would  be  expected  to  fall.  We  now  finally  have  the 
means  of  comparing  predicted  and  observed  rainfall  data.  This 
comparison  is  necessary  to  complete  the  Rice-Holmberg  model; 
i.e.,  to  determine  the  prediction  error,  an  essential  ingredient 
of  any  prediction  model.  Similarly,  we  now  have  data  for 
determining  the  year-to-year  variation  in  microwave  attenua¬ 
tion  and  in  the  rainfall  reflectivity  that  is  so  significant  for 
microwave  interference  potential  (8].  That  will  provide  the 
basis  for  a  subsequent  comparison  of  predicted  and  observed 
attenuation  and  reflectivity. 
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Year-to-Year  Variability  of  Rainfall  for 
Microwave  Applications  in  the  U.S.A. 
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AAsrracr-Furthei  extensions  of  the  Rice-Holmbeig  rainfall  piedk- 
tion  model  are  reported.  These  extensions  describe  the  variation  of 
rainfall  with  location  in  the  U.S.A.,  as  well  as  the  standard  deviation 
of  their  year-to-year  variation.  Application  to  the  prediction  of  micro- 
wave  signal  attenuation  by  rainfall,  and  the  comparison  with  observed 
data  are  illustrated. 


1.  INTRODUCTION 

The  prediction  of  microwave  attenuation,  etc.,  due  to  rain¬ 
fall  has  become  a  concern  to  the  telecommunications  industry 
in  the  U.S.A.  This  results  from  the  various  impacts  of  rainfall 
(attenuation,  depolarization,  interference,  etc.)  upon  terres¬ 
trial  and  satellite  microwave  system  performance. 
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In  1973,  Rice  and  Holmberg  (1]  presented  a  world-wide 
rainfall  prediction  model  designed  specifically  for  telecom¬ 
munications  applications.  It  can  predict  probability  distribu¬ 
tions,  Pt(R),  of  r-min  duration  (t  =  1,  5,  30,  etc.)  point- 
rainfall  rates,  R,  determined  from  the  available  historical 
meteorological  data.  Since  then,  the  model  has  been  extended 
by  modiflcation,  principally  to  accommodate  the  significance 
of  chronological  data  on  additional  rainfall  parameters  and,  to  a 
lesser  degree,  to  permit  its  inversion  to  determine  the  1-min 
(approximately  instantaneous)  rainfall  rate,  RiiP),  predicted 
for  a  given  P  percent  of  a  year  121-15].  At  present,  the 
modified  model  still  contains  the  three  basic  parameters  M,  D, 
and  The  parameters,  M,  the  average  annual  rainfall  in  milli¬ 
meters,  and  D,  the  average  annual  number  of  days  for  which 
the  precipitation  equals  or  exceeds  0.25  mm,  are  both  deter¬ 
mined  directly  from  recorded  data.  The  average  annual  ratio, 
0,  of  thunderstorm  rain  to  total  rain  is  a  derived  quantity 
determined  from  the  data  on  M„,  the  greatest  monthly 
precipitation  (in  millimeters)  observed  in  30  yr,  and  U,  the 
average  annual  number  of  days  with  thunderstorms  [4] . 
Consequently,  the  resulting  model  is  for  an  average  year. 

One  of  the  most  striking  features  of  rainfall,  however,  is  its 
variability  with  both  location  and  time.  This  variability  has 
already  been  described  for  Europe  ( 3 1 ,  (51.  The  purpose  of 
this  letter  is  to  describe  the  variation  with  location  of  rainfall 
rates  in  the  U.S.A.  (the  conterminous  U.S.,  Alaska,  and 
Hawaii)  for  an  average  year  and,  further,  to  describe  its  tem¬ 
poral  variation  (i.e.,  from  year-to-year). 

11.  VARIATION  WITH  LOCATION 

To  a  degree,  the  spatial  variation  has  been  described  in  a 
crude  fashion  by  the  division  of  the  world  into  rainfall  zones, 
based  partially  upon  the  Rice-Holmberg  worldwide  mapping 
of  M  and  0.  For  example,  Europe  had  been  characterized  by 
three  rainfall  zones  (6],  but  subsequently,  more  detailed 
mappings  of  the  three  rainfall  parameters  (3f,  and  D)  permit¬ 
ted  the  definition  of  10  European  rainfall  zones  (31.  Since 
then,  detailed  mappings  of  the  rainfall  parameters  also  permit¬ 
ted  the  definition  of  19  rainfall  zones  for  the  U.S.A.  (41 . 

Although  these  zones  demonstrate  the  variety  of  rainfall 
conditions  encountered  in  the  U.S.A.,  a  finer  detail  may  be 
required  for  localized  site  selection.  A  more  direct  evaluation 
for  specific  locations  can  be  obtained  from  a  detailed  mapping 
of  the  rainfall  parameters  themselves  (M.  M„,  etc.).  This  has 
now  been  done  for  the  U.S.A.  based  upon  30  yr  of  meteoro¬ 
logical  data  from  305  first-order  U.S.Weather-Service  stations 
(4) .  The  resulting  mappings  (3f,  Af„,  etc.)  for  the  U.S.A.  have 
been  incorporated  into  a  computer  program  (4]  for  the  modi¬ 
fied  Rice-Holmberg  model  to  determine  rainfall  rate  predic¬ 
tions  for  the  U.S.A.  These  results  are  illustrated  in  Figures  1 , 
2,  and  3  by  the  contours  of  r  =  1  min  rainfall  rate,  Ri(P)  in 
mm/h,  expected  forF  =  1, 0.1,  and  0.01  percent  of  an  average 
year  in  the  U.S.A.  For  example,  Fig.  1  indicates  that  a  rainfall 
rate  of  about  /?i(l%)  =  2.6  mm/h  would  be  expected  for  a 
cumulative  total  of  1%  of  an  average  year  (87.7  h/yr)  in 
Washington,  DC.  Figure  2  indicates  a  rainfall  rate  of  about 
Ri(0.1%)  =  14  mm/h  would  be  expected  for  a  cumulative 
total  of  0.1%  of  an  average  year  (about  8.8  h/yr)  in  Washing¬ 
ton,  DC.  Figure  3  indicates  that  a  rainfall  rate  Ri(0.01%)  =  76 
mm/h  would  be  exceeded  for  a  total  of  0.01%  of  an  average 
year  (a  cumulative  total  of  about  53  min/yr)  in  Washington, 
DC. 


Figure  1.  Contours  of  the  f  =  1  min  rainfall  rates  in  mm/h 

predicted  for  1 .0  percent  of  an  average  year  in  the  U.S.A. 


Figure  2.  Contours  of  /?i(0.1%),  the  f  =  1  min  rainfall  rates  in  mm/h 
predicted  for  0.1  percent  of  an  average  year  in  the  U.S.A. 


Figure  3.  Contours  ofR^(0.01%),  the  r  =  1  min  rainfall  rates  in  mm/h 
predicted  for  0.01  percent  of  an  average  year  in  the  U.S.A. 


III.  YEAR-TO-YEAR  VARIABILITY 

At  SHF,  both  tenestrial  and  satellite  operational  systems 
have  experienced  a  highly  variable  impact  of  rainfall  on 
system  performance.  As  a  result,  the  average  annual  rainfall 
rate  variation  with  location  depicted  in  Figs.  1,  2,  and  3  is,  in 
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Figure  4.  Contours  of  Sju  (1%),  the  standard  deviation  in  mm/h  of  the 
year-to-year  variation  in  the  r  =  1  min  rainfall  rate,  f?j(l%),  for  1 
percent  of  all  hours  of  a  year. 


Figure  5.  Contours  of  Sm  (0.1%),  the  standard  deviation  in  ram/h  of 
the  year-to-year  variation  in  the  r  =  1  min  rainfall  rate,  (0.1%), 
for  0.1  percent  of  all  hours  of  a  year. 


itself,  inadequate  for  system  design  and  performance  predic¬ 
tion.  A  further  requirement  is  a  measure  of  the  temporal 
variation  (the  year-to-year  changes)  of  rainfall  rates,  particu¬ 
larly  at  the  higher  rainfall  rates.  Therefore,  we  have  deter¬ 
mined  standard  deviations  of  annual  rainfall  rates  from  the  30 
yr  of  meteorological  data  at  the  305  U.S.  Weather-Service  sta¬ 
tions.  For  the  r  =  1  min  rainfall  rate  fJi(l%)  that  is  mapped  in 
Fig.  1,  the  standard  deviation  Sfji(l%)  of  the  year-to-year 
variation  is  mapped  in  Fig.  4.  For  the  rainfall  rate  /ti(0.1%) 
mapped  in  Fig.  2,  the  standard  deviation  5/{](0.1%)  of  the 
year-to-year  variation  is  mapped  in  Fig.  5.  Similarly,  for  the 
rainfall  rate  /?i(0.01%)  mapped  in  Fig.  3,  the  standard  devia¬ 
tion  5jii(0.01%)  is  mapped  in  Fig.  6.  At  Washington,  DC,  for 
example,  where  /?j(l%)  =  2.6  mm/h,  the  5^1(1%)  =  0.65 
mm/h;  where  /?i(0.1%)  =  14  mm/h,  the  Sni(0.l%)  ^  3.8 
mm/h;  where  the  ^i(0.01%)  =  76  mm/h,  the  Sgi(0.0\%)  ^ 
12  mm/h.  Actually,  these  temporal  standard  deviations  also 
contain  a  slight  contribution  due  to  locational  uncertainty  as  a 
result  of  approximations  in  the  mapping  procedures  to  develop 
contours  from  305  distributed  data-source  locations. 

By  assuming  a  normal  distribution  [7|  of  rainfall  rates,  we 


Figure  6.  Contours  of  Sgi  (0.01%),  the  standard  deviation  in  mm/h  of 
the  year-to-year  variation  in  the  r  =  1  min  rainfall  rate,  It  ^  (0.01%), 
for  0.01  percent  of  all  hours  of  a  year. 


can  add  the  values  ±1.645  Sgi(P)  to  the  average  value  (such  as 
Ri(P)  for  any  location  in  Figures  1,  2,  or  3).  This  determines 
the  range  within  which  90%  of  the  rainfall  rates  observed  at 
that  location  should  fall  for  P  percent  of  any  year. 

IV.  PREDICTION  AND  OBSERVATION 

Of  course,  our  primary  interest  in  rainfall  is  in  its  impact 
for  telecommunication  system  performance.  Recently,  com¬ 
puter  programs  have  been  developed  which  incorporate  the 
Rice-Holmberg  rain  prediction  model,  but  go  further  to  com¬ 
pute  its  impact  (attenuation,  reflectivity,  etc.)  and  variance 
for  terrestrial  or  satellite  systems  14),  17).  These  include  the 
total  atmospheric  effects  of  the  ubiquitous  clear  air  (gaseous 
atmosphere),  the  commonly  encountered  non-precipitating 
clouds,  and  the  much-less-frequent  occurrence  of  storm 
clouds  and  rainfall.  The  computer  program  for  an  earth/satellite 
path  17)  has  been  applied  to  the  path  between  Rosman,  NC, 
and  ATS-6  satellite.  The  resulting  predictions  for  transmission 
frequencies  of  20  and  30  GHz,  respectively,  are  shown  in  Figs. 
7  and  8,  In  each  figure,  the  central  curve,  numbered  1,  is  the 
the  prediction  for  an  average  year.  The  two  curves  numbered 
2  are  the  (90%)  bounds  within  which  the  annual  attenuation 
distributions  for  9  out  of  10  yr  are  expected  to  fall.  The  pair 
of  curves  numbered  3  are  the  (99%)  bounds  within  which  the 
attenuation  distributions  for  99  out  of  100  yr  are  expected  to 
fall. 

Available  for  comparison  are  the  observational  data  re¬ 
corded  from  the  ATS-6  millimeter  wave  propagation  experi¬ 
ment.  That  ATS-6  data  report  contained  an  extremely  useful 
data-processing  technique  for  combining  attenuation  data  for 
part  of  a  year  and  rainfall  data  for  a  full  year  which  permitted 
extrapolation  to  an  annual  distribution  of  attenuation  data 
[8].  The  reported  data  curves  for  20  and  30  GHz  data  have 
been  superimposed  upon  the  corresponding  predictions  of 
Figs.  7  and  8.  Althou^  this  agreement  between  independ¬ 
ently  predicted  and  observed  data  is  most  gratifying,  many 
more  such  comparisons  will  have  to  be  made  before  one  can 
determine  prediction  error.  Note  that  the  observational  data 
curve  falls  outside  the  range  for  the  predicted  level  for  values 
of  F  >  0.75%.  This  may  be  due  to  the  observational  curve 
being  an  extrapolation  of  attenuation  due  only  to  rainfall. 
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Figure  7.  Comparison  of  the  20  GHz  earth-space  attenuation  distribu¬ 
tions  between  the  ATS-6  satellite  and  Rosman,  NC.  The  smooth 
curves  are  the  Dutton-Dougherty  predictions:  1  is  for  an  average 
year,  2  are  the  bounds  for  9  out  of  10  yr,  3  are  the  bounds  for  99 
out  of  1 00  yr.  The  broken-line  plot  is  the  reported  ATS-6  processed 
observed  data. 

whereas  the  prediction  curves  are  for  attenuation  due  to  the 
total  atmosphere.  At  these  frequencies,  the  distinction  is 
negligible  for  the  higher  rainfall  rates,  but  becomes  noticeable 
for  the  lighter  rainfall  rates  (/*>  1%). 

V.  CONCLUSION 

The  application  of  the  Rice-Holmberg  rainfall  prediction 
model  has  been  significantly  advanced  by  the  detailed  map¬ 
pings  of  its  basic  parameters  (M,  D,  0,  etc.)  for  Europe  and  the 
U.S.  This  short  contribution  indicates  the  further  development 
of  the  model  by  presenting  mappings  of  the  1-min  rainfall 
rates  in  the  U.S.  for  1.0,  0.1,  and  0.01  percent  of  an  average 
year  and  the  corresponding  standard  deviaiions  of  the  year-to- 
year  variation.  Further,  the  impact  upon  system  performance 
predictability  has  been  illustrated  by  a  prediction  of  earth/ 
satellite  attenuation  at  20  and  30  GHz.  The  agreement  with 
observational  data  is  very  encouraging,  but  many  more  such 
comparisons  will  be  required  before  the  prediction  theory  for 
atmospheric  effects  upon  system  performance  may  be  con¬ 
sidered  as  complete.  One  major  subject  required  for  further 
study  is  the  relationship  of  annual  rainfall  to  worst-month 
rainfall.  Such  predictions,  made  on  the  basis  of  annual  char¬ 
acteristics,  are  useful  and  significant  for  the  researcher  or 
governmental  system  designers  and  operators.  However,  the 
fee  and  rate  structure  for  commercial  telecommunications 
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Figure  8.  Comparison  of  the  30  GHz  earth-space  attenuation  distribu¬ 
tions  between  the  ATS-6  satellite  and  Rosman.  NC.  The  smooth 
curves  are  the  Dutton-Dougherty  predictions;  ]  is  for  an  average 
year,  2  are  the  bounds  for  9  out  of  10  yr,  3  is  for  99  out  of  100  yr. 
The  broken-line  plot  is  the  reported  ATS-6  processed  observed  data. 


systems  requires  more  emphasis  to  be  placed  on  worst-month 

and  other-than-annual  prediction  techniques  [9) . 
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Present  State  and  Future  of  Telecommunications  in  Turkey 

GUNSBL  BAYRAKTAR  and  hOsKYIN  ABUT,  member,  ieee 


AteMcr-The  public  tdecommunication  network  of  Turkey  is 
briefly  discussed  in  this  paper.  The  existing  telephone,  telegraph,  data, 
and  other  related  services  are  summarized,  and  future  trends  in  some  of 
these  services  are  indicated.  These  trends  suggest  that  capital  invest¬ 
ments  on  the  telecommunication  services  must  be  at  least  doubled  in 
order  that  the  standards  in  the  country  compete  with  those  of  the 
world  averages.  Finally,  some  of  the  research  in  communications  is 
cited. 


1.  INTRODUCTION 

Turkey  is  a  developing  country  of  776  000  km^  with  a 
population  of  40  million,  a  gross  national  product  per 
capita  of  approximately  6000  TL  (equivalent  of  U.S.  $400) 
and  598  954  main  telephone  subscribers  according  to  1974 
statistics  [  1  ] . 

The  General  Directorate  of  P.T.T.  is  the  authority  for  the 
setting  up  and  the  operation  of  all  public  telecommunication 
facilities  in  the  country.  In  addition  to  telephone  and  tele¬ 
graph  services,  the  necessary  channels  for  the  Turkish  TV  and 
some  military  networks  are  supplied  by  the  P.T.T.  administra¬ 
tion.  A  brief  overview  of  the  present  status  and  of  the  trends  in 
the  development  of  telecommunications  in  the  country  will  be 
presented  in  the  following  sections. 

The  development  rate  of  Turkey  has  been  about  7-10  per¬ 
cent  yearly  during  the  first  thirteen  years  of  the  planned 
development  period  of  1963-1995.1  -pjje  programmed  devel¬ 
opment  plan  forecasts  that  the  country  will  reach  the 
standards  of  the  social  welfare  and  industrialization  of  the 
Western  European  countries  by  the  end  of  1995  [2] .  The 
importance  of  this  last  date  lies  in  the  fact  that  Turkey  will 
become  a  full-fledged  member  if  the  European  Economic 
Community  (EEC)  in  1995.*  Hence,  the  country  should 
accomplish  her  development  systematically  and  rapidly  so  that 
the  transition  to  membership  in  the  EEC  can  be  an  easy  one. 

The  existing  telecommunication  facilities  should  be  in¬ 
creased  greatly,  in  parallel  with  improvements  in  social  and 
economic  welfare.  New  services  employing  modem  digital 
systems  must  be  extensively  established  to  catch  up  with  the 
world  standards.  To  achieve  this,  it  has  been  decided  in  the 
Third  Five-Year-Plan  to:  1)  increase  the  investments  in  tele¬ 
communications  services;  2)  have  a  national  electronics  in- 
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dustry  satisfying  the  market  demand;  and  3)  fulfill  the  demands 
for  communication  systems  and  devices  through  local  sources. 

11.  TODAY’S  TELEPHONE  NETWORK 

A  well-established  measure  of  the  telephone  services  in  a 
country  is  the  telephone  density  q  defined  by  the  number  of 
main  subscribers  per  100  inhabitants.  Table  1  shows  the  rate  of 
growth  of  the  telephone  services  over  the  years  1955-1974  in 
Turkey  (1  ] ,  [3] .  If  we  glance  at  the  figures  in  the  table,  we 
see  that  the  telephone  density  is  increasing  at  a  rate  of  about 
10  percent.  Since  there  is  a  commonly  accepted  regression 
between  the  telephone  density  q  and  the  gross  national  pro¬ 
duct  (GNP)  per  capita  [4] ,  [5] ,  it  would  be  worthwhile  to 
compare  these  values  with  those  of  the  world  standards.  Fig.  1 
shows  the  relationships  between  the  telephone  density  and 
GNP  per  capita  using  1971  price  indices  for  Turkey.  In  the 
same  figure,  a  similar  relation  using  the  averages  of  70  devel¬ 
oped  and  developing  member-countries  of  ITU  for  the  years 
1964-1968  is  also  plotted. 

The  telephone  density  in  Turkey  with  a  U3.  $400  GNP  in 
the  early  seventies  is  around  1 .5  percent,  whereas  an  average 
value  for  the  developed  and  developing  countries  in  1964- 
1968  was  above  2.1  percent.  Thus,  there  is  a  gap  of  0.6  per¬ 
cent  between  the  national  network  at  present  and  the  world 
average  of  1964-1968.  This  rather  pronounced  gap  must  be 
closed  by  allocating  more  funds  to  the  telephone  industry 
investments. 

The  network  is  by  no  means  satisfying  the  demand.  The 
number  of  people  waiting  for  the  extension  of  telephone  ser¬ 
vices  is  increasing  drastically  every  year.  This  trend  is  shown  in 
Table  II.  However,  the  delays  and  shortcomings  in  extending 
services  to  potential  customers  are  increasing  at  a  smaller  rate 
every  year,  which  is  a  somewhat  promising  indication  for 
future  trends. 

III.  TELEGRAPH  AND  DATA  SERVICES 

The  telegraph  network  is  complete  country-wide,  intercon¬ 
necting  the  towns  and  cities  in  Turkey.  But  the  telex  network 
is  continually  taking  the  place  of  the  classical  telegraph  net¬ 
work  throughout  the  country.  There  were  3950  telex 
terminals  in  1974.  During  the  same  year,  there  were  about 
1200  potential  subscribers.  The  ratio  of  potential  customers  to 
the  existing  ones  is  more  than  0.3. 

Data  transmission  facilities  are  not  provided  by  the  P.T.T. 
administration  at  present.  The  rate  of  growth  of  this  service  is 
not  clear  as  there  are  no  previous  statistics  available  for  refer¬ 
ence.  Nevertheless,  data  communication  systems  research  is 
underway  at  a  few  institutions. 

A  very  limited  number  of  facsimile  transmission  networks 
exists  among  the  big  cities.  But  the  customers,  mainly  the 
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TELEPHONE  DENSITY  IN  TURKEY  OVER  THE  YEARS  1955-1974 
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Fig.  1.  Relatioiuhip  of  telephone  density  to  GNP  per  capita,  (a) 
Cuive  for  the  existing  telephone  services,  (b)  Curve  for  the  average 
of  member  countries  of  ITU.  (c)  Projections  of  the  expected  poten¬ 
tial  telephone  density. 


press,  are  responsible  for  the  total  terminal  equipment,  leaving 
only  the  necessary  channel  allocation  to  the  P.T.T.  people. 

The  Turkish  Radio  and  Television  Organization  (TRT)  is 
using  the  P.T.T.  radio-links,  with  all  the  necessary  connections 
being  provided  by  the  P.T.T.  servicemen. 

P.T.T.  renders  also  special  network  services  among  the 
various  military  installations  of  the  national,  NATO,  and 
CENTO  organizations. 


IV.  FUTURE  TRENDS  IN  TELECOMMUNICATION 
SERVICES 

A  measure  for  the  future  trends  of  expectations  from  the 
telephone  services  is  the  relationship  between  the  potential 
telephone  density  and  the  GNP  per  capita.  The  potential  tele¬ 
phone  density  is  defined  by  the  sum  of  the  total  telephone 
subscribers  jnd  the  customers  waiting  for  telephone  instal¬ 
lations  per  100  people  for  a  given  year.  Table  III  shows  this 
rend  over  the  period  1972-1995.  The  expected  growth  in  the 
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EXPECTED  DEMAND  FOR  TELEPHONE  SERVICES  FOR  THE 
PERIOD  OF  1972-  1995 
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EXPECTED  GROWTH  IN  TELEX  TERMINALS 
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telex  network  is  summarized  in  Table  IV.  It  is  clear  that  the 
number  of  requested  telex  terminals  is  being  doubled  eveiy 
five  years. 

In  order  to  achieve  the  figures  given  in  Tables  III  and  IV, 
the  investments  in  the  telecommunications  industry  must  be, 
on  the  average,  3.4  percent  of  the  total  investments  using  the 
1971  prices  for  the  period  of  1977-1995.  However,  the  pro¬ 
grammed  investment  allocation  for  the  year  of  1977  is  only 
0.357  of  the  GNP,  or  equivalent  to  1 .6  percent  of  the  total 
capital  investments.  The  last  figure  is  less  than  half  of  the 
required  amount.  Therefore,  a  higher  percentage  must  be 
allocated  to  this  industry  in  the  Five-Year  Plans  starting  in 
1978. 

The  second  major  and  decisive  factor  in  the  future  of  tele- 
communication-services  trends  would  be  the  solution  of  the 
technical  personnel  problem.  In  almost  all  of  the  developing 
countries,  this  factor  is  inseparable  from  the  previous  one,  the 
increase  in  investment  allocations  in  order  to  carry  on  the 
development  plans  systematically  and  rapidly.  We  feel  that  the 
technical  personnel  problem  in  Turkey  is  one  which  can  be 
dealt  with  some  hope  of  success.  Once  the  persotmel  are  better 
paid,  this  problem  will  be  solved  almost  completely  because 
nearly  all  of  the  technical  staff  employed  in  the  telecom¬ 
munication  services  are  graduates  of  the  national  technical 
institutions. 

The  percentage  of  students  in  the  electrical  engineering 
department  of  Turkish  universities  constitutes  almost  2  per¬ 
cent  of  the  total  higher  education  enrollment  which  is  around 
200  000  [6] .  Since  the  early  sixties  the  demand  for  electrical 
engineering  studies  is  increasing  at  a  much  higher  rate  than  the 
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capacity-increases  in  the  schools.  Therefore,  every  year  a 
smaller  percentage  of  the  demand  is  being  satisfied  by  means 
of  a  selection  process  through  the  Turkish  Universities  En¬ 
trance  Examinations. 

On  the  other  hand,  the  staffing  problem  of  the  institutions 
is  a  stagnant  one  due  to  the  underpayment  of  the  civil  serv¬ 
ants.  Tills,  in  return,  has  caused  a  considerable  brain-drain  to 
the  Western  European  countries,  U.S.A.,  Canada,  and  even 
Australia. 

It  is  obvious  that  Turkey  will  need  a  young  technical  cadre 
available  for  designing,  enlarging,  establishing,  maintaining, 
and  managing  the  future  telecommunication  services.  To  fulfill 
these  requirements,  the  Third  Five-Year  Plan  includes  the 
following  suggestions  to  the  government  for  taking  the  nec¬ 
essary  measures:  1)  to  increase  the  number  of  academic  staff; 
2)  to  extend  the  possibilities  and  the  capacities  of  the  educa¬ 
tional  institutions;  and  3)  to  end  the  brain-drain  from  the 
country. 

V.  COMMUNICATIONS  RESEARCH  IN  TURKEY 

The  institutions  where  theoretical  and  experimental 
research  is  being  carried  out  in  communications  are  the  Elec¬ 
tronics  Research  Unit  of  the  Marmara  Research  Institute,  the 
P.T.T.  Research  Laboratories,  and  the  electrical  engineering 
departments  of  the  universities. 

At  the  Marmara  Research  Institute  of  the  Turkish  Scientific 
and  Technical  Research  Council,  1)  theoretical  and  experi¬ 
mental  work  on  modems  employing  FSK  and  DPSK  systems 
for  the  audio  channels  is  being  carried  out,  2)  a  prototype  of 
32-channel  PCM  system  for  short-haul  trunks  is  being  devel¬ 
oped,  and  3)  studies  on  digital  filters  are  underway. 

At  the  P.T.T.  Research  Laboratories,  1 )  development  work 
of  high  channel  capacity  FDM  equipment  and  high  speed  tele¬ 
graph  systems  for  the  national  network  is  being  carried  on  and 
2)  a  24-channel  VHF  and  a  60<hannel  UHF  radio  systems  are 
under  study. 

In  the  universities,  theoretical  and  experimental  investiga¬ 
tions  are  being  carried  out.  Some  of  these  projects  are  partially 
financed  by  the  Turkish  Scientific  and  Technical  Research 
Council.  But  these  funds  are  incomparably  meager  with 
respect  to  those  in  the  developed  countries,  and  hence  the 
number  of  technical  papers  appearing  in  the  international 
journals  on  the  subject  is  very  limited.  The  other  shortcoming 
in  research  is  connected  with  the  staffing  problem  of  the 
Universities.  Since  the  departments  are  understaffed,  the  exist¬ 
ing  personnel  have  very  limited  time  to  divert  from  their  daily 
course  work  to  research.  The  authors  believe  that  distributing 
more  funds  to  fundamental  research  in  communications  holds 
much  more  promise  for  the  future  than  the  existing  state  of 
affairs. 


VI.  CONCLUSIONS 

The  telecommunication  services  in  Turkey  are  far  below  the 
world  standards.  The  expected  rate  of  growth  is  tremendously 


high  but  even  that  would  not  be  sufficient  to  meet  the  poten¬ 
tial  demands.  On  the  other  hand,  research  in  communications 
is  significant.  In  conclusion,  Turkey  must  allocate  more  funds 
for  telecommunication  investments  and  support  more  research 
projects  in  order  to  cope  with  world  standards. 
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Present  State  and  Trends  of  Public  Communications  in  the 
Federal  Republic  of  Germany 

RONALD  DINGELDEY 


AbttMcf— The  introdnctioii  gives  an  secotint  of  the  historical 
develepinsnt  of  teleconunnnicatiMU  in  Germany  (Federal  Republic 
of  OermanyX  the  legal  status  of  the  Deutsche  Bnndespost,  its  rela- 
tiwiship  with  tte  German  telecommunication  industry,  and  the 
status  of  the  broadcasting  organisations. 

On  the  basis  of  the  present  state  of  the  art,  the  future  trends  in 
switching  and  transmission  as  weli  as  in  cabie  and  radio  engineering 
are  described. 

Of  special  weight  are  the  new  data  and  telephone  switching  ^s- 
taasB  and  the  requirements  for  future  broad-band  aerrices.  Researdi 
and  development  are  concentrated  on  these  projects,  allowance 
having  to  be  made  for  the  present  state  of  the  networks  in  the 
Federal  Republic  of  Germany. 

Manuscript  received  November  6,  1973. 

The  author  is  with  the  Femmeldetechnischee  Zentralamt  (Pl'Z  of 
the  Deutsche  Bundespost),  Darmstadt,  Germany. 


I.  INTRODUCTION 
A.  Historical  Background 

HE  FORMER  Deutsche  Reichspost  and  the  PTT 
Administrations  of  the  individual  German  Lander, 
respectively,  as  the  institutions  responsible  for  public 
telecommunications,  started  at  an  early  stage  with  the 
utilization  of  the  technical  facilities  available  at  that 
time.  Based  on  the  trials  made  by  Reis  and  Bell,  the  first 
telephone  connections  were  set  up  in  Berlin  in  1877.  After 
rapid  progress  in  the  manual  telephone  service  the  first 
automatic  local  exchange  was  installed  at  Hildesheim  in 
1908.  A  further  milestone  is  the  year  1923;  in  the  area 
of  Weilheim  (Upper  Bavaria)  the  first  subscriber  trunk 


CVII-1 


dialling  (STD)  network  group  of  the  world  was  put  into 
operation.  Here,  field  trials  were  made  with  auton»atir-ealt 
metering  and  coin-box  telephones  for  STD  calls.  The  fully 
automatic  operation  in  the  entire  network  of  the  Ff^deral 
Republic  of  Germany  called,  however,  for  a  tran.smission 
plan  based  upon  four-wire  through  connection  in  all 
transit  exchanges.  The  techtiical  prereciuisites  were  j)n)- 
vided  in  1955  by  the  introduction  of  the  eight-wiper 
Edelmetalldrehwahler  (E.MD)  motor  sveiteh. 

As  far  as  television  i'-  concerned,  it  is  noteworthy  that 
as  early  as  1936  television  broadcasting  was  introduced 
to  a  limited  extent  on  the  occasion  of  th('  Olympic  Games. 
For  this  purpose  use  was  made  of  Nipkow’s  method,  .\fter 
an  interruption  caused  by  the  war,  a  public  televi.sion 
program  was  not  emitted  in  the  Federal  Republic  of 
Germany  until  1952.  The  first  color  television  broadcasts 
were  taken  up  in  1967  according  to  the  PAL  system  pro¬ 
posed  by  Bruch. 

The  former  Reichspost  also  took  an  active  part  in  the 
development  of  the  Teletype  service,  an  important  step 
being  the  establishment  of  the  public  teleprinter  exchange 
(Telex)  network  in  1939.  The  technical  facilities  were 
more  or  less  the  same  as  those  used  for  telephony. 

B.  Legal  Status  of  the  Deutsche  Bundespost  in 
Telecommunications 

The  legal  regulations  for  the  setting  up  and  operation 
of  telecommunication  installations  were  provided  in 
1892/1928  by  the  Telecommunication  Installation  Law. 
According  to  this  law,  the  right  to  set  up  and  operate 
telecommunication  installations  is  granted  to  the  Reich, 
today  to  the  Federal  Republic,  and  is,  as  a  rule,  exercised 
by  the  Minister  of  Posts  and  Telecommunications,  i.e., 
the  Deutsche  Bundcspost  either  sets  up  and  operates  the 
installations  itself  or  it  grants  a  license  to  do  so.  Certain 
groups  of  users,  e.g.,  transportation  companies,  need  no 
license  for  the  setting  up  and  operation  of  their  own  tele¬ 
communication  equipments  in  connection  with  their  own 
lines  for  the  requirements  of  their  internal  service  only. 

As  early  as  1899  the  Telegraph  Lines  Law  granted  the 
then  PTT  Administration  the  right  of  way,  allowing  free 
utilization  of  public  ways  for  the  installation  of  its  lines. 
Thus  it  has  been  possible  to  establish  an  efficient  public 
network,  and  lines  to  be  used  for  nonpublic  purposes  have 
generally  been  provided  out  of  this  pool  and  leased  by  the 
respective  user.  To  avoid  disturbances  the  equipment 
connected  to  leased  lines  has  to  meet  the  requirements 
issued  by  the  Deutsche  Bundespost. 

In  order  to  prevent  interference  to  telecommunication 
services  caused  by  HF  equipment,  a  law'  was  enacted 
which  allows  the  specification  and  control  of  admissible 
limits  of  radio  interference'  (law  concerning  the  operation 
of  HF  equipment).  This  law  is  also  exercised  by  the 
Deutsche  Bundespost. 

C.  Relationship  Between  the  German  Telecommunication 
Industry  and  the  Deutsche  Bundespost 

The  status  of  the  German  telecommunication  industry 
is  characterized  by  the  allocation  of  specific  tasks  to  the 


Deutsche  Bunde.spo.st  and  the  indu.stry.  Thus  the  Admini.s- 
tration  usually  leaves  it  to  the  industry  to  develop  equip¬ 
ment  and  technical  facilities.  In  general,  there  is  no  placing 
of  s|)ecific  development  orders.  The  design  specifications 
ar(',  however,  laid  down  by  the  Fernmeldetechnisches 
Zentralamt  (FTZ)  of  the  Deutsche  Bundespost,  fre¬ 
quently  on  the  basis  of  the  results  of  research  projects 
carried  out  by  the  latter.  In  this  connc'ction  allow'ance 
is  made  for  international  n'conimendations  issued  by  the 
competent  bodies.  The  FTZ  keeps  its  eye  on  the  develop¬ 
ments  carried  out  by  the  industry-  and  influences  them,  if 
retjuired.  Thus  it  is  en.sured  that  the  operational  reciuire- 
ments  are  taken  into  account  from  the  v(Ty  beginning.  To 
ensure  reliable  operation  and  reduce  the  number  of  types, 
the  FTZ  also  influences  the  choice  of  components.  In  the 
case  of  large-size  etjuipment  field  trials  are  performed  in 
addition  to  tj'po  approval  tests  before  final  approval  is 
given. 

As  far  as  the  switching  and  transmi.ssi<)n  equipment  is 
concerned,  the  Deutsche  Bundespost  asks  all  suppliers  to 
provide  systems  of  uniform  design.  This  enables  the  inter¬ 
change  of  equipment  made  by  different  manufacturers. 
Therefore,  the  industry  is  required  to  jointly  specify 
matching  interfaces  for  the  ecjuipment  modules. 

As  for  switching  systems,  an  adequate  allocation  of 
tasks  among  the  firms  often  helps  to  save  unnecessary 
development  expenses.  Since  the  Deutsche  Bundespost 
alw'ays  wants  to  purehsise  the  equipment  from  several 
manufacturers,  it  binds  the  developing  firm  to  grant 
manufacturing  permits. 

In  the  field  of  transmission,  a  uniform  design  is  re¬ 
quested,  especially  for  planning  reasons.  Here,  too,  the 
FTZ  draws  up  relevant  specifications  in  cooperation  with 
the  industry.  The  industry  is  also  charged  with  the  instal¬ 
lation  of  all  facilities. 

In  order  to  reduce  the  number  of  cable  types,  so-called 
cable  concepts  have  been  drawn  up.  They  resulted  from 
discussions  between  the  Deutsche  Bundespost  and  the 
cable  firms  which  joined  to  form  a  pooling  association  to 
clarify  technical  questions  of  common  interest  and  to 
ensure  a  rational  utilization  of  their  capacities.  This  asso¬ 
ciation  acts  as  negotiator  with  the  Deutsche  Bundespost. 

The  reduced  number  of  cable  types  and  the  agreement 
on  dates  for  manuf"'  ‘  ng  changes  are  to  enable  an 
economically  res<>ona.  cansition  from  paper-insulated 
to  plastic-insu’  »  •'Sj. 

The  install.  n  of  long-distance  cables  is  exclusively 
carried  o\it  by  the  Deutsche  Fernkabelgesellschaft 
(DFKG).  The  Deutsche  Bundespost  controls  the  ac¬ 
tivities  of  the  DFKG  by  appropriate  planning  measures. 

D.  Status  of  the  Broadcasting  Organizations 

In  the  Federal  Republic  of  Germany  the  L&nder  govern¬ 
ments  are  responsible  for  the  organization  of  broadcasting 
programs.  For  this  purpose,  the  Lander  founded  nine 
public  broadcasting  corporations,  viz.,  the  Bayerischer 
Rundfunk,  Hessischer  Rundfunk,  Norddeutscher  Rund- 
funk,  Radio  Bremen,  Siiddeutscher  Rundfunk,  Sender 
Freies  Berlin,  Saarl&ndischcr  Rundfunk,  SQdwestfunk, 
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Westdeutscher  Rundfunk,  and  the  Zweites  Deutsches 
Femsehen. 

By  federal  law  two  organizations  were  set  up  which  emit 
sound  programs  only,  i.e.,  the  Deutschlandfunk,  whose 
programs  are  intended  for  all  of  Germany  and  the  Euro¬ 
pean  continent,  and  the  Deutsche  Welle,  whose  broadcasts 
are  emitted  to  the  extra-European  countries. 

Up  to  the  end  of  the  Second  World  War  in  1945,  the 
P*TT  Administration  was  responsible  for  all  t('chnical 
matters  concerning  the  transmission  of  sound  and  t<4e- 
vision  programs.  The  programs  were  taken  over  at  the 
broadcasters’  studios,  transmitted  over  adeejuate  circuit.s 
to  the  transmitting  stations  from  where  they  were  radiated. 

After  the  Second  World  War,  i.e.,  up  to  the  pronounce¬ 
ment  of  the  Karlsruhe  TV  decision  (decision  of  the  Fed¬ 
eral  Constitutional  Court  of  February  28,  1961),  the 
L&nder  broadcasting  organizations  erected  and  operated 
the  transmitting  stations  for  the  sound  programs  and  the 
first  television  program.  The  Karlsruhe  decision  confirmed 
the  Deutsche  Bundespost’s  fundamental  right  to  set  up 
and  operate  broadcasting  transmitters. 

On  account  of  the  above-mentioned  decision,  the  fur¬ 
ther  extension  and  operation  of  the  sound-broadcasting 
transnutter  networks  established  up  to  that  time — here 
special  mention  should  be  made  of  the  new  transmitter 
networks  in  the  VHF  range — and  the  television  trans¬ 
mitter  networks  for  the  first  TV  program  were  left  to  the 
L&nder  broadcasting  organizations. 

From  that  date  the  Deutsche  Bundespost  has  set  up 
and  operated  the  sound  broadcasting  transmitters  of  the 
Deutschlandfunk  and  the  Deutsche  Welle  as  well  as  the 
transmitters  for  the  second  and  third  television  programs. 

E.  Structure  of  the  Country  and  Network  Configuration 

The  configuration  of  the  public  telecommunication 
network  in  the  Federal  Republic  of  Germany  was  mainly 
marked  by  the  division  of  Germany  after  the  war,  the 
population  density,  and  the  economic  development.  At 
present,  the  network  covers  ten  Lander  and  Berlin  (West) 
with  a  total  area  of  about  248  000  km^  The  Federal 
Republic  of  Germany  more  or  less  is  a  uniformly  popu¬ 
lated  area  with  some  highly  developed  regions  of  industrial 
concentration.  A  network  was  set  up  where  emphasis  was 
laid  on  telephony.  It  connects  the  most  remote  places 
and  allows  STD  at  both  the  national  and  international 
levels.  For  the  automation  of  the  national  telephone 
system  it  was  sufficient  to  apply  a  decadic  numbering 
scheme  which  allows  an  open  numbering  of  all  local  net¬ 
works  with  four  digits.  For  this  purpose  the  Bundepost 
network  was  subdivided  into  eight  central-exchange  areas, 
the  eight  central  exchanges  being  located  in  the  cities  of 
Berlin  (West),  Hamburg,  Hannover,  Diisseldorf,  Frank¬ 
furt,  Stuttgart,  Mirnich,  and  Niimberg.  They  are  inter¬ 
connected  by  a  meshed  long-distance  network  via  cable  and 
radio-relay  links  The  central-exchange  area  of  Berlin 
(West)  is  connected  with  the  other  parts  of  the  network  via 
special  radio-relay  links.  Apart  from  Berlin  (West),  each 
central-exchange  area  is  according  to  the  second  digit  of  the 


cod«-  subdivid«*d  into  nine  to  ten  rnain-<*xchange  areas,  a 
double  main-exchange  area  being  a.ssigned  to  big  city 
r(!gions.  Th(‘  main  exchanges  behjnging  to  these  areas  an? 
connected  with  the  superior  central  exchange  via  a  star¬ 
shaped  network  and  with  adjacent  main  exchanges  via  di¬ 
rect  routes.  The  second  level  of  the  hierarchy  thus  has  a 
mixed  structun?.  The  network  structun?  of  the  third  level 
of  the  hierarchy  is  similar,  here  the  third  digit  of  the  code 
corresponds  to  the  nodal  exchanges.  A  purely  star-shaped 
network  structure  exists  only  on  the  fourth  level,  where 
the  fourth  digit  of  the  cfjde  (lesignates  the  so-called  ter¬ 
minal  ('xchanges  which  are  available  in  each  local-exchange 
area.  Each  long-distance  call  is  initiat(‘d  in  a  terminal 
('xchange  by  the  trunk  prefix  “O,”  passed  on  to  another 
terminal  exchange  after  dialing  the  wanted  trunk  code, 
and  completed  by  dialing  the  subscriber  number  in  the 
respective  local-exchange  area. 

The  configurations  of  the  Telex  and  Datex  networks 
are  similar  to  those  of  the  telephone  network;  they  have, 
however,  less  network  levels.  The  Telex  network  is  the 
public  Teletype  network  operating  at  .">0  Bd,  whereas 
the  Datex  network  is  a  separate  switched  network  for 
data  and  Teletype  transmi.ssions  at  speeds  of  up  to  200 
Bd.  The  public  telegraph  traffic  is  handled  over  the  Gentex 
network  (switched  telegraph  network)  which  comprises 
two  levels.  It  is  intended  to  computerize  this  network. 

F.  Population  and  Subscriber  Density 

Between  1960  and  1970  the  population  of  the  Federal 
Republic  of  Germany  increased  from  6  to  61.8  million. 
During  the  same  period  the  number  of  telephone  main 
stations  rose  from  3.3  to  8.8  million  and  the  main  station 
density  from  5.9  to  14.2  stations  per  100  inhabitants.  In 
the  years  from  1968  to  1970  there  was  an  extremely  strong 
increase  in  the  demand  for  telephone  main  stations,  .\fter 
the  economic  situation  had  returned  to  normal  and  the 
fees  had  been  adapted  to  the  increasing  cf)sts  in  1972,  the 
rise  in  the  demand  leveled  off. 

The  number  of  main  stations,  the  in.stallation  of  which 
was  not  possible  within  four  weeks,  declined  after  the 
peak  in  April  1971  from  6.56  000  to  .381  000  at  the  end 
of  1972.  In  the  meantime,  it  is  po.ssiblc  to  satisfy  66  percent 
of  all  applications  within  three  months  and  75  percent 
within  six  months.  The  main  reason  for  the  delay  in 
installing  telephone  stations  is  to  an  increasing  extent  to  be 
seen  in  the  shortage  of  subscriber  lines.  This  trend  is  to 
be  counteracted  by  effective  measures  such  as  the  use  of 
line  concentrators.  Shared  lines  make  up  16.3  percent 
of  the  main  stations;  in  accordance  with  the  new  legal 
provisions  they  are  only  provided  for  a  limited  period 
until  sufficient  technical  facilities  for  main  stations  are 
available.  A  further  reduction  in  the  percentage  of  shared 
lines  is  thus  to  be  expected. 

At  the  end  of  1972  about  10.6  million  telephone  main 
■stations,  .5.5  million  telephone  extensions,  93  000  Telex 
stations,  and  about  1000  Datex  stations  w'ere  opterated  in 
the  Federal  Republic  of  Germany  for  a  population  of 
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62.4  million.  For  about  10  years  the  annual  inerea.s(‘  in 
the  demand  for  main  stations  will  he  well  above  one 
million.  With  a  further  rise  in  the  number  of  population 
the  Deutsche  Bundespost  expects  a  decline  in  the  net 
demand  to  one  million  and  less  not  before  1985.  In  con¬ 
sideration  of  the  calculated  growth  rate  for  i)rivate  tele¬ 
phone  stations  (including  the  shared  lint's  of  the  house¬ 
holds)  and  tor  business  telephone  stations  the  demand 
follows  a  logistic  function  with  a  .saturation  density  of 
about  55  telephone  main  stations  per  100  inhabitants.  The 
expected  annual  increase  in  the  numbt-r  of  Telex  .stations 
is  about  7  percent. 

II.  SWITCHING  TECHNIQUES  .\N1) 
TERMINAL  EQUIPMENT 

A.  EMD  Technique 

In  the  Deutsche  Bundespost  telephone  network  the 
EMD  technique  (precious-metal  motor  switch)  is  applied 
in  several  versions.  For  the  local  traffic  the  direct-control 
two-wire  system  55v  and  for  the  long-distance  traffic  the 
indirect-control  four-wire  system  62  are  used  as  standard 
techniques.  All  requirements  of  the  national  and  inter¬ 
national  long-distance  services  are  met  by  the  STD  system. 
All  routing  and  zoning  functions  are  performed  in  the 
nodal  exchanges  of  the  long-distance  network.  By  separat¬ 
ing  the  functions  of  the  long-distance  traffic  from  those 
of  the  local  traffic,  the  uncomplicated  local  system  has 
enabled  the  maintenance  costs  in  the  local  exchange  area 
to  be  kept  at  a  low  level.  For  both  versions  of  the  system, 
test  equipment  is  being  developed  which  allows  the  data 
of  all  essential  switching  elements  to  be  recorded  auto¬ 
matically.  This  test  equipment  is  mainly  connected  at 
night  and  runs  according  to  a  given  program.  It  supplies 
information  about  the  location  and  type  of  possible  faults 
via  output  devices.  This  allows  the  tran.'Hion  to  corrective 
maintenance.  The  quality  of  a  connection  is  checked  by 
automatic  test  call  equipment  and  manual  traffic  observa¬ 
tion  sets.  As  soon  as  the  given  values  are  exceeded,  remedial 
measures  can  be  taken  on  the  operational  or  the  planning 
side. 

B.  Stored- Program  Control- Switching  System  EW S 

In  the  last  decades  the  Deutsche  Bundespost  gradually 
automated  its  telephone  service.  With  the  introduction 
of  the  stored-program  control-switching  system  EWS  1 
it  will  be  possible  to  extend  this  automation  beyond  the 
pure  switching  functions  to  the  operational  services.  In 
the  EWS  1  system  the  switching  functions  are  contndled 
by  a  central  control  unit  consisting  of  a  pair  of  computers 
working  in  parallel  for  reasons  of  reliability.  The  central 
control  units  can,  in  turn,  interwork  with  other  data- 
proceasing  systems  via  data  circuits,  take  over  the  tasks 
of  the  operational  services  (e.g.,  telephone  maintenance 
service),  and  relieve  the  switching  system. 

The  efficient,  programmable  central  control  unit  of  the 
EWS  1  system  allows  the  intnxluction  of  new  subscriber 
facilities.  Keyboard  dialing  will  enable  the  subscriber 


to  conver.se  with  tin-  computer  system  and  inform  the 
.system  of  his  wishes.  Already  in  the  pha.se  of  introduction, 
subscribi'r-controlh'd  transfer  to  the  absent  subscriber 
.service,  abbreviated  dialing,  automatic  alarm  call  service, 
and  keyphone  data  transmission  will  be  pos.sible.  Further 
facilities  may  be  introduced  at  a  later  date. 

In  its  structure  the  EWS  1  systi'm  is  subdivided  into 
three  levels  (pi'ripheral  level,  partly  centralized  control 
level,  central  control  level ) .  which  are  separated  by 
interfaces  allowing  the  connection  of  various  types  of 
peripheral  e<iuipment.  Through-connection  of  the  speech 
channels  is  performed  at  the  perijjheral  level  which  com¬ 
prises  mainly  the  switching  network,  including  the  a.s.so- 
ciatc'd  control  unit  and  the  switching  circuits.  The  ex¬ 
change  of  signals  betwc'en  the  EWS  exchanges  is  effected 
by  I'cjuipment  of  the  partly  centralized  control  level  via 
common  signaling  channels  which  are  separated  from  the 
speech  path.  The  central  control  level  is  compo.sed  of  the 
processor  with  the  pertinent  program  and  data  stores. 
They  also  exist  in  pairs. 

At  the  peripheral  level  it  is  possible  that  switching 
networks  in  the  two-wire  space-divi.sion  multiplex  de.sign 
(for  local  traffic) ,  in  the  four- wire  space-division  multiplex 
de.sign  (for  long-distance  traffic),  and  in  the  PCM  time- 
division  multiplex  de.sign  are  used  in  parallel.  All  switching 
networks  receive  their  marker  instructions  from  the  .same 
central  control  unit.  Thus  the  system  can  also  be  intro¬ 
duced  in  rural  areas  if  a  central  control  unit  processes 
both  local  and  long-distance  traffic  and  if  small  inde¬ 
pendent  local  exchanges  have  to  be  remotely  controlled.  By 
the  use  of  PCM  switching  networks  the  system  can  also 
satisfy  the  future  requirements  of  integrated  networks. 

The  EWS  1  program  system  u.ses  a  machine-oriented 
language  (EWS  1  assembler  language).  By  utilizing  special 
addressing  procedures,  programs  and  data  blocks  can 
easily  be  adapted  to  the  operational  requirements  (en¬ 
largements,  modification  of  facilities).  A  field  trial  with 
three  exchanges  was  started  in  1973.  The  system  will  be 
gradually  integrated  into  the  existing  telephone  network 
beginning  in  1975. 

C.  Electronic  Data  Switching  System  and  Data 
Transmission 

The  electronic  data  .switching  .system  (EDS),  a  fully 
electronic  computer-controlled  switching  system,  is  to 
replace,  within  a  decade,  the  existing  electromechanical 
telegraph  switching  system  TW  39,  i.e.,  the  entire  Telex 
and  Datex  services  will  be  integrated  into  the  new  system. 
At  the  beginning  of  1973  the  installation  of  the  first  EDS 
exchange  of  the  future  netw’ork  was  started. 

The  Telex  network  with  almost  100  000  subscribers 
and  a  grow-th  rate,  which  suggests  a  doubling  of  this 
figure  within  ten  years,  will  provide  the  economic  basis 
for  higher  speed  data  services  and  additional  facilities 
which  can  also  be  realized  with  the  EDS  system.  The  risk 
of  wTong  planning  due  to  uncertain  forecasts  on  future 
requirements  to  be  met  by  data  services  will  thus  be  con¬ 
siderably  reduced. 
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transparent  . . 1. «  iri  iiil-sw ilehinn  niethiKi  in  (In*  mni- 

aynchninuu  ilivisinii  niulliplex,  where  thrttUKli 

ei)nnei'tion  >■  lerPiriiitsl  hit  hy  hit,  lint  only  when 

a  ^«>lant\  n  ve'  .»l  has  heen  reei'ived  The  eonneetion  of 
suitalile  line-teriniiiai loll  units  to  the  eeiitral  unit  allows 
an  optitnization  oi  the  s\>teni  for  the  switehiii);  pritieiple 
applied.  In  its  present  eoneept  the  |)eri|iheral  et|uipinent 
of  the  switehiiiK  proeessor  is  adapteii  to  the  asynehroiioiis 
transmission  mo«le,  i c.,  it  is  alsive  all  suited  for  Telex 
and  Datex  services.  AccordiiiK  to  ('('ITT  Hi'eonunenda- 
tion  X.l,  the  siKtialinft  rates  of  2.4  and  !(.(>  khit.'s  are 
to  be  tran.smitt(Hl  in  a  .synchronous  mode.  During  a  period 
of  transition  the  data  tertninal  (Hiuiptnent  operatiiiK  at 
these  speeds  (it  is  intended  to  introduce  thest*  services 
about  1976)  will  obtain  the  clock  from  the  data  circuit¬ 
terminating  unit.  Code  transparency  is  achieved  by  means 
of  a  scrambler  which  is  also  assigned  to  the  data  circuit- 
terminating  equipment.  In  this  case,  the  exchange  does 
not  make  any  differentiation  between  synchronous  and 
asynchronous  data.  Later  on,  the  asynchronous  linc'- 
termination  unit  will  he  comph'mented  by  a  .synchronous 
line-termination  unit  which,  in  the  first  phase,  switches 
envelopes  for  speeds  of  up  to  4S  kbit/s.  Thus  it  will  be 
possible  to  obtain  a  separate  synchronous  network  parallel 
to  the  present  asynchronous  speed-transparent  nidwork. 
Both  netwoiks  will,  however,  be  integrated  into  one 
switching  system. 

Similar  to  the  practice  applied  in  the  Tc  lex  and  Datex 
services,  the  closed  user  groups  will  be  integrated  into 
the  digital  network.  From  the  operational  point  of  view 
the  user  groups  can  be  compared  with  the  prc'sent  private 
networks,  but  they  differ  in  their  technical  layout.  Unlike 
the  private  networks,  the  terminations  of  the  user  groups 
are  not  interconnected  by  circuits  separated  from  the 
public  network,  but  by  subscriber  lines  like  all  others 
of  the  general  us«‘r  group.  At  each  transmission  rate  the* 
general  user  group  is  that  group  within  which  all  u.sers 
can  communicate  without  restriction.  For  instance,  the 
general  user  group  operating  at  oO  Bd  is  the  Telex  net¬ 
work.  Terminations  of  a  specific  user  group  differ  Irom 
those  of  the  general  u.ser  group  in  so  far  as,  on  account 
of  a  certain  indication  in  the  switching  proces.sor,  connec¬ 
tions  are  admissible  only  within  their  own  group  and  to 
the  general  user  group.  But  there  is  no  acce.ss  to  other 
user  groups  and  from  the  general  user  group. 

D.  Telephone  Terminal  Equipment 

In  order  to  .satisfy  the  manifold  wishes  of  the  customers 
in  the  field  of  subscriber  equipment,  the  Deutsche  Bundes- 
post  has  always  strongly  encouraged  the  initiative  of 
private  industry.  Thus  it  has  been  possible  to  offer  a 
wide  range  of  products  and  services,  especially  with 
regard  to  telephone  sets,  private  branch  exchanges,  and 
the  design  of  accessory  equipment.  At  present  the  well- 
tried  type  61  telephone  set  is  made  available  tf)  customers 
in  five  different  colors  as  desk  and  wall  sets.  I''or  different 


applicHliiio.'  t  ;'c.K  61 1  616  include  .sets  with  earth  button, 
vi.silile  sijtniil,  ,s|H  (  i;il  honk  .switch,  and  extendable  etiuiva- 
lent  tietwork  .Moreover,  u.se  is  made  of  spei  ial-type 
tele|)honi-  .sets,  eg  .  with  incor|)orated  charge  tneter  and 
a  special  ke>  lor  blocking  outgoing  calls.  \  loudspeaking 
telephone,  with  voiee  switching  for  the  ,sup[)re.s,sion  of 
aciiustic  feedback  atid  with  an  electronic  bell,  is  about  to 
be  ititrotluced.  For  the  future  electronic  switching  .system 
a  push-button  tele[)hone  is  being  developed  in  cooperation 
with  the  telecomimitiication  inrliistry.  It  will  be  operated 
according  to  the  ('(  ITT  tnultifre((uencv  method  and 
will,  among  others,  be  fitted  with  a  device  prr  viTititig 
the  confusion  of  ihiIcs  and  providitig  lighttiing  protection 
for  o.scillator  and  transistor  capsule.  The  Deutsche  Bundes- 
|)ost  is  beginning  to  gather  experience  with  different  types 
of  telephone  .sets  with  incorporated  high-speed  key  sender 
to  be  used  in  private  branch  exchanges  (  I’BX  ). 

In  public  telephone  stations  tin-  Deut.sche  Btindespost 
uses  mainly  coin-box  teleplimies  for  the  local  traffic  as 
well  as  for  national  and  international  sub.scriber  dialing. 
In  1972  the  long-distance  com-box  telephone  ~y7,  also 
called  Kuropean  coin-box  teh  phone,  was  introduced  for 
sub.scribt'r  dialing  in  Fitrope. 

For  the  new  electronic  switching  .system  a  standard 
coin-box  telephoni*  with  im.sli-button  dialling  is  under  de¬ 
velopment,  which  is  intended  for  worldwide  connections 

About  one  third  of  all  telephone  stations  in  the  Federal 
Uepuhlic  of  (iermany  are  conneett'd  to  I’BX's  which  arc 
available  with  intercommunication  facilities,  manual  or 
automatic  switchboards  in  various  sizes.  They  may  Ik- 
Bundespost  owned,  subscriber  owned,  or  privately  owned. 
Within  the  scope  of  the  valid  rt'gulations  they  may  offer 
a  number  of  different  facilities  and  are  thus  adaptable 
to  various  requirements.  The  PBX’s  may  he  .supplit'd  as 
selector,  cro.ssbar.  or  relay  .systems.  Trials  are  not  only 
being  made  with  systems  eijuipped  with  electronic  control 
of  relay  switching  networks,  hut  al.so  with  .systems  having 
electronic  cros.spoints  and  tho.se  with  time-division  multi¬ 
plex  .switching  equipment. 

It  is  admissible  to  connect  additional  equipment,  such 
as  modems  for  different  transmi.s.sion  speeds,  facsimile 
machines,  and  dialing  aids,  to  the  main  stations  and 
extensions  of  the  public  telephone  network. 

Further  development  in  this  field  is  characterized  by 
an  adaptation  to  the  continuously  changing  wishes  of 
the  customers,  the  extension  of  the  .services  off(>red,  and  an 
easier  and  more  convenient  handling  of  the  apparatus. 

E.  Data  Terminal  Equipment  in  the  Telephone  Neheork 
and  Data  Transmission 

In  196.5  the  Deutsche  Bundi'spost  introduced  data 
transmLssion  in  the  entire  telephone  network.  This  was  a 
necessary  prerequisite  for  the  development  of  remote  data 
processing.  At  this  time,  there  are  more  than  ,5700  modems 
connected  to  the  public  switched  network.  In  1972  the 
growth  rate  was  about  60  percent. 

Postal-owmed  modems  for  .serial  and  transparent  data 
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transmL"wi(m  in  tlu-  pnl>lic  switclu'd  network  ari'  olTered 
for  the  following  speeds: 

It  lip  to  2()()-l)it,s  full-duplex,  aeeordinn  to  ('('ITT 
Heeoniinendation  V.'il : 

2'  .il>  to  (KX)  12(X)-liit  s  half-duplex,  aeeordinn  to 
('('ITT  l{('eoininendation  \  .22. 

with  interehanne  circuits  according  to  ('(‘ITT 
Heeoniinendation  \'.24, 

As  far  as  >iata-eolleetion  svsteins  are  eoneerned.  modems 
are  offered  for  parallel  data  transmission  with  20  40 
i  harai'ters  s.  The  new  KWS  1  telephone  switching  s\ stem 
will  also  allow  a  type  of  simple  data  tran.smission.  the 
so-called  keyphone  data  transmi.ssion. 

h^xtensive  investigations  indicated  that  data  trans¬ 
mission  in  the  national  switched  network  and  in  most 
international  eonneetions  is  possible  at  even  higher  speeds 
when  phase  modulation  is  applied.  Theri'fore.  the  Munde.s- 
post  i.s  going  to  introduce  a  modem  operating  at  24(X) 
hit  s  in  the  synchronous  mode  in  eonforiuity  with  ('('ITT 
Heeommendation  V.'iti,  Alternative  B.  .\dditional  devices 
such  as  automatic-calling  units  are  idTered  for  all  ahove- 
mentioned  modems. 

In  addition,  for  private  networks  point-to-point  con¬ 
nections  (leased  lines)  of  ordinary  and  special  (piality 
(CCITT  Recommendation  M.102)  are  provided  for 
approved  subscriber-owned  moderns.  Such  lines  allou 
the  full  utilization  ot  the  transmi.ssion  capacity  of  the* 
telephone  channel  at  spi-eds  up  to  tXXX)  bit  s.  Up  to  now, 
more  than  afXX)  telephone  circuits  have  lieen  leased. 

Signaling  rates  of  up  to  4,S  to  (>4  kbit  s  can  be  achieved 
on  group  links  and  will  in  future  als<i  b(‘  obtained  on  direct 
PCM  connections.  Efforts  are  being  made  to  provide  tin- 
required  types  of  motlem. 

The  above  services  complement  the  planned  inde¬ 
pendent  EDS  data  network  which  is  to  carry  most  ot  the 
future  data  traffic. 

III.  TRAXSMISSIOX  TECHXKjrES 

A.  Present  Slate  of  Frequency-Division  Muttiplcfiny  anti 
Time-Division  Multiple liny  Systems 

As  far  as  time-division  multiplexing  (TDMt  trans¬ 
mission  systems  are  concerned,  the  P('M  transmission 
system  PCM  30  is  at  pre.sent  used  to  an  increa.sing  extent 
on  the  lower  network  levels.  This  .system  operates  at  a 
rate  of  2.048  Mbit/s  and  makes  u.se  largelv  of  the  latest 
components  and  circuitry  (IjSI,  l(').  From  197.'»  a  new 
system  generation  will  be  available  which  is  based  on  the 
experience  gained  with  the  present,  systems.  I’his  new 
system  will  be  con.structed  aecording  to  the  standard 
design  7R  which  is  also  applietl  to  the  carrier  systems. 

Moreover,  a  multiplex  system  which  combines  4  X 
2.048-  to  8.448-Mbit/s  sy.sterns  (including  hou.seket'ping 
information)  shall  be  made  available  as  PCM  transmis.sion 
system  PCM  120  beginning  in  197,2.  A  new  symmetric 
cable  was  developed  for  this  system  (and  akso  for  .system 


PCM  4.S(),  the  next  higher  in  the  hierarchy)  ;  the  rejs-ater 
.spai'ing  for  tliis  cable  is  about  4  km  for  PCM  120  and 
about  2  km  for  l’('.\I  480, 

Parallel  to  this  practice-oriented  planning  and  develop¬ 
ment,  numerous  other  inve.stigations  are  carried  out,  e.g., 
the  utilization  of  existing  .symmetric  and  coaxial  cables 
by  medium  and  high-eapaeity  P('.M  t  ransmi.s,sion  .systems 
( hybrid  systems; . 

.\s  lor  carrier  transinis.sion.  the  develo|)ment  of  a  tX)- 
.Mllz  .-\stem  for  10  MX)  telephone  channels  or  a  corre¬ 
sponding  number  of  video  ehaniiels  has  recently  been 
taken  up.  riie  first  .systems  of  this  tyjie  will  jire.sumably 
be  put  into  operation  in  197.'),  The  high-frequi-ncy  .stability 
of  I  X  10  '  of  till’  fundamental  o.scillator  reijuired  for 
the  as.soeiated  modulation  stages  will  be  en.sured  by  a 
freipiency-eompari.son  network  who.si'  master  o.scillator 
must  have  a  long-term  stability  of  1  X  10  *  at  least.  The 
establi.Miment  of  this  network  has  already  been  put  in 
hand.  In  eonjunetion  with  the  00- .MHz  sy.stem.  [iroblems 
of  broad-baiul  lummvmications  (TV  transmission)  have 
also  been  studied.  The.se  inve.stigations  have  been  ex¬ 
tended  to  the  existing  12- .MHz  .systcmi  (V  2700  =  four- 
wire,  2700  channels! . 

By  the  introduction  of  master-group  sy.sterns  in  con¬ 
formity  with  ('(’ITT  Plan  A  and  the  provi.sion  of  the 
neces.sary  carrii'r  (‘(piipment.  the  network  configuration 
uill  not  only  become  clearer  but  also  .simpler  and  more 
('(sjiiomical  mainly  at  the  interface  lietween  the  supra- 
regional  and  regional  long-distance  networks. 

An  es.sential  feature  of  all  Cerman  carrier  systems  is 
the  apiilieation  by  the  manuf.acturers  of  standard-design 
principles  for  all  tyiies  of  e(|uipment.  The  development 
of  the  latest  design  7R,  which  make.s  use  of  semiconductors 
and  inti'grated  circuits,  has  ri'sulted  in  substantial  simpli¬ 
fications  and  improvements  in  carrier  tran.smission:  reduc¬ 
tion  of  th(>  di'viations  ot  the  stiecified  overall  loss  by 
aiiplying  fully  electronic  level  control:  interchangeability 
of  equipment  made  by  different  manufacturers;  rapid 
fault  indication  by  a  uniform  signaling  methiKl  in  the  form 
of  central  monitoring  and  suiiervision. 

In  addition  to  these  technical  and  oiierational  merits, 
the  application  ot  the  new  design  also  yields  considerable 
economic  advantages  which  manifest  tliemsidves  in  su)'- 
stantial  savings  in  .space  and  eosts.  For  instance,  with  a 
rack  width  of  (iOO  mm,  the  channel  capacity  of  tiOO  chan¬ 
nels  obtained  with  the  7R  design  can  be  quintuph'd  as  com¬ 
pared  to  the  tyjM'  7  system  with  120  channels.  Tliis  means 
a  reductioii  in  costs  of  about  20  jicrcent.  Similar  savings 
can  also  1m‘  expected  for  other  carrier  equipment. 

H.  Sound  Program /TV  Transniisston  Xetwork 

Tlie  Deutsche  Bundesjiost  operates  extensive  sound- 
program  and  television-transmission  networks  for  the 
broadcasting  organizations.  There  are  wide  differences 
in  tlu  network  stnictures  aecording  to  their  application, 
the  number  and  length  of  jKissible  transmission  links,  and 
the  state  of  the  art  at  the  time  the  network  was  installed. 
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In  any  case,  the  Deutsche  Bundespost  does  its  best  to 
make  the  integration  of  the  broadcasting  networks  into 
the  remaining  telecommunication  network  !is  economical 
as  possible.  In  addition  to  the  audio-freciuencv  (AF) 
sound-program  transmission  system  used  for  short  circuits 
set  up  on  quads  and  specially  screened  wires  of  long¬ 
distance  cables,  the  technicjne  of  setting  up  sound-program 
channels  on  carrier  systems  has  been  widely  adopted.  Part 
of  the  10-kHz  systems  have  for  sonu'  years  been  rc*pla<-<Hl 
by  1.5-kHz  carrier  systems.  These  systems  are,  for  instance, 
being  used  in  the  ARD‘  network  for  the  exchange  of 
programs.  This  i.s  a  star-shaped  network,  its  switching 
center  (star  point)  being  located  at  Frankfurt.  At  this 
point  the  sound-program  circuits  are  automatically  inter¬ 
connected  in  a  special  IF  switching  matrix  by  means  of  a 
small  computer.  For  the  time  l)eing,  this  small  computer 
is  operated  by  personnel  of  the  Deut.sche  Bund(‘spost.  At 
the  end  of  this  year  (1973)  it  will,  however,  be  connwted 
to  a  large  computer  of  the  AHD,  which  can  perform  the 
coordinating  and  control  functions.  In  future,  the  super¬ 
vision  and  operation  of  the  sound-program  circuits  will  be 
considerably  facilitated  by  the  new  automatic  measuring 
set  for  sound-program  circuits. 

As  far  as  TV  transmission  is  C(jncerned,  large  networks 
have  been  provided  for  the  exchange  of  programs  of  the 
ARD,  the  European  Broadcasting  Union  (EBU),  and 
for  the  distribution  links  to  the  transmitters.  In  these 
networks,  large  distances  are  generally  bridged  by  radio- 
relay  links,  whereas  the  shorter  connections  from  a  studio 
to  a  local  switching  point  of  the  Deutsche  Bundespost 
are  established  on  cable  links.  For  this  purpose,  use  is 
made  of  the  local  transmission  system  TV  21.  The  future 
use  of  the  12-MHz  and  60-MHz  systems  for  all  types  of 
TV  circuits  is  under  discussion. 

Since  the  Olympic  Games  in  1972  the  FM  TV  1.300  R 
(jutside  broadcast  equipment,  which  is  fully  color  capable, 
has  increasingly  been  u.sed  for  outside  broadcast  links  to 
be  .set  up  at  short  notice. 

For  the  operation  of  international  TV  circuits  increasing 
u.se  is  being  made  of  a  semiconductor-cciuipped  video 
switching  matrix  (e.g.,  with  10  inputs  and  10  outputs) 
which  can  al.so  be  remotely  controlled. 

For  the  smooth  exchange  of  televi.sion  programs  within 
Europe  a  tran.scoder  i.s  available  for  the  conversion  from 
.SEtW.M  into  PAL,  lo  .■  worldwide  exchange  t)f  pro¬ 
grams  an  (ie<'tr<H)ptica,  .uidards  converter  has  been 
provided  at  the  Raisting  earth  station  to  convert  from 
.')2.i-line  N'l'SC  info  <i2.i-line  PAL  .and  vice  versa. 

Crihte  Tetn’isiiiri 

The  Deut.srhe  Bundespost  ('(ai.siders  cable  televi.sion 
to  be  |)art  ,1  the  wide  fielil  of  broad-band  communications. 
It  inebnles  not  only  the  actual  di.stribution  of  television 
programs,  but  al.s<i  servii  es  which  re<]uire  a  broader  trans- 
mi.ssioii  bat'd  than  tele|)hoiiy,  viz.,  picture  telephony, 

'ARD  stHn.lii  for  Artwitjmpmpiniichaft  iter  offenllich-reehtlichen 
Kiindfiinkanstalten  in  iter  KRI)  which  la  an  alliance  of  the  chartereil 
hrnailraating  ciirixirali'ina  in  the  Keileral  Hepijlilic  of  Oermany. 


picture  transmiasion  for  private  purptjses  (e.g.,  industrial 
television),  atid  high-sjK'ed  data  transtnission.  The  laying 
of  one  sitigle  cabh'  having,  for  instance,  one  coaxial  con¬ 
ductor  for  cable  U'levisioti  and  a  tiumber  of  screened  quad 
units  for  the  other  broad-band  services,  is  to  allow  a 
particularly  economical  construction  of  a  broad-band 
network.  Realistic  coticeptions  exist  already  for  cable 
television  proper,  for  which  two  test  networks  are  under 
const  ruction. 

The  Bundespost  cable  television  network  shall  be  super- 
imposi'd  on  the  telephone  network  and  have  a  star-.shaj)ed 
configuration  in  the  local  exchange  area,  'riiis  means  the 
shared  use  of  the  mounting  points  and  cable  routes  of 
the  telephone  network.  It  is,  however,  not  intended  to 
accommodate  the  interface'  betwcf'n  the  Deutsche  Bundes¬ 
post  and  the  subscriber  in  the  subscriber’s  residence,  but 
rather  to  provide  only  one  interface  for  one  hou.se 
(premises).  These  plans  are  based  on  financial  considera¬ 
tions  and  th('  fact  that  there  i.s  already  a  large  number  of 
so-called  contmunity  antenna  installations  which  are  also 
to  be  used  for  cable  television. 

The  experimental  cable  television  installations  are  .so 
designed  as  to  allow  the  high-tiuality  transmission  of 
twelve  television  programs  and  a  similar  number  of  sound- 
broadcasting  programs  (in  stert'ophonic  quality)  from 
a  transmitting  station  (head  station)  to  the  subscriber 
over  a  distance  of  up  to  about  .')  km.  Since  adjacent  chan¬ 
nel  reception  in  television  sets  is  not  \et  possible  in  the 
P’ederal  Republic  of  Germany,  a  frequency  range  from 
about  40-300  MHz  (Band  I,  Band  II,  Band  III.  the  range 
between  Bands  II  and  III,  and  the  range  above  Band  III 
to  about  .300  MHz)  will  be  required.  Band  II  up  to  104 
MHz  is  intended  to  be  used  for  sound  broadcasting. 

The  above-mentioned  experimental  cable  television 
installations  are  provided  on  the  lowest  network  level.  The 
technical  specifications  of  the  cable  television  installations 
are  to  enable  the  interconnection  of  these  installations 
to  form  larger  networks  at  a  later  date,  possibly  by  making 
use  of  well-known  systems  (e.g.,  TV  radio-relay  links, 
12-MHz  or  6t)-MHz  transmission  systems).  It  is  just  this 
fact  which  is  decisive  for  the  Deutsche  Bundespost  By 
drawing  up  standards  for  television  coverage  by  wire,  the 
different  designs  of  community  antennas  which  prevent  the 
interconnection  of  these  installations  in  a  large  network 
for  technical  and  financial  reasons  will  be  avoided. 

D.  Picture  Telephony 

By  the  development  of  picture  telephony  it  has  for 
some  years  been  possible  for  two  people  to  see  each  other 
while  talking  together  and  so  to  enliven  the  conversation 
by  facial  expressions  and  gestures  and,  above  all,  to  make 
it  more  realistic.  This  new  facility  has  to  be  dearly  paid 
for  by  a  higher  technical  complexity  than  that  needed 
for  conventional  telephony.  The  transniission  of  the  video 
signal  only  requires  a  bandwidth  300  times  as  wide  as  that 
nece.saary  for  a  speech  channel  pniper.  In  order  to  make 
this  new  service  sis  economical  as  possible,  both  the 
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Deutsche  Buiidespost  and  tlu'  potential  users  demanded 
already  at  an  early  stage*  to  enable,  in  addition  t<j  the 
actual  picture  call  between  two  persons  or  groups  of 
persons,  the  transmission  of  displaj'ed  data  (type'written 
tests,  drawings,  pictures)  and  the  eonneetion  of  the  pic¬ 
ture  phone  to  external  computer  and  storage  uidts  (use 
of  the  picture  phone  as  data-display  device).  First,  general 
enquiries  indicated  that  in  view  of  these  facilities  the  future 
picture  telephone  u.sers  will,  above  all,  eome  from  the 
sectors  of  industry,  commerce,  and  transport. 

The  great  activiti('S  displayed  by  the  United  States  of 
America.  Japan,  and  France  in  the  field  of  videophonic 
communieations  has  also  induced  the  telecommunication 
industry  in  the  I'Vderal  Republic  of  Germany  to  make 
further  studies  and  efforts  in  this  direction.  Thus  a  de¬ 
velopment  was  resumed  in  the  Federal  Republic  of  Ger¬ 
many  which  had  been  initiated  as  early  as  March  f,  193f> 
with  the  first  picture  phone  connection  in  the  world  be¬ 
tween  Berlin  and  Leipzig. 

After  a  period  of  development  which  began  in  1967  the 
first  automatic  picture  telephone  call  was  made  between 
the  FTZ  at  Darmstadt  and  Siemens  AG  in  Munich  over 
a  distance  of  400  km.  The  experimental  installation 
operated  with  a  frame  of  .')0  Hz,  a  video  bandwidth  of 
0.8  MHz,  and  had  a  resolution  of  22.i  lines.  The  field 
trials  showed  that  a  face-to-face  tran.smission  and  the 
representation  of  simple  drawings  w(>re  possible,  but  that 
the  picture  quality  was  not  sufficient  for  the  transmission 
of  typewritten  documents.  For  this  reason,  the  new  experi¬ 
mental  network  established  in  the  autumn  of  197.'}  between 
the  Federal  Ministry  of  f’osts  and  Telecommunications 
at  Bonn,  the  FTZ  at  Darmstadt,  and  Siemens  AG  in 
Munich  will  use  lu'w  picture  telephont*  e<iuipinent  which 
corresponds  to  the  planned  international  standards  .specify¬ 
ing  267  lines,  a  line  freciuency  of  S  kHz,  and  a  t ran.smi.ssion 
bandwidth  <jf  1  MHz. 

In  order  to  achieve  a  better  picture  (juality,  the  use  of 
broad-band  transmi.ssion  .systems  (e  g..  MHz  and  morel 
or  special  storage  devices  are  taken  into  consideration.  On 
the  local  network  level  the  picture  telephone  signals  are 
generally  transmitted  over  six  pairs:  in  <-ach  directhm 
two  of  them  are  u.sed  for  the  video  signal  and  oni*  for  the 
speech  signal.  The  vidcfi  signal  is  connectr'd  througli 
parallel  to  the  .sound  signal  in  a  special  four-win>  switching 
network.  No  decision  has  y<‘t  been  reached  on  the  trans¬ 
mission  mode  “.sound  in  vi.sion”  because  of  comsideralily 
greater  expenses  for  thi-  subscrifier  station  and  the  tr'st 
syst(‘m  as  well  as  the  extensive  modifications  to  be  niade 
in  the  electronic  .switching  system  KWS.  For  long-distance 
picture  telephone  transrni.ssions  in  tlie  analog  mode  it  is 
jHissible  to  u.se  the  conventional  carrier  systems  s»*t  up 
on  coaxial  pairs  and  radio-relay  links.  The  use  of  PCM 
on  the.s<!  tw<i  transmi.ssion  media  is  akso  c»)n.sidered  feasible. 
As  far  as  switching  is  concerned,  picture  telephony  is  to 
rely  on  the  KWS  1  .system  which  is  considered  suitable  for 
this  purpose.  Thus  the  earliest  date  for  the  introduction 
of  this  service  will  be  1980,  since  up  to  then  the  EWS  1 


.sy.stem  will  be  available  in  a  .sufficient  number  of  local 
lu-tworks  of  the  eight  central  exchange  areas. 

IV.  CABLE  SYSTEMS 

A.  Present  Cable  Systems  and  Supervision  Methods 

T<j  meet  the  Deut.sche  Bundesp(jst’s  high  demand  for 
local  cables,  a  concept  was  drawn  up  in  1970  which  intends 
the  use  of  plastic-insulated  wires  and  plastic-sheathed 
[polyvinyl  chloride  (PVC)  and  polyethylene  (PE)] 
cables  in  addition  to  the  conventioi;al  type  of  local  cable. 
During  a  longer  period  rif  transition  the  local  cable  having 
a  lead  or  corrugated  steel  sheath  and  paper-insulated 
star-1  IP  quads  made  up  in  layers  will  be  replaced  by  a 
local  cable  with  paper,  foamed  PE,  or  solid  PE  insulated 
star-III  quads  made  up  in  units  and  having  a  multilayer 
sheath.  In  the  ca.se  of  the  multilayer  sheath  a  longitudinally 
feed-in  overlapping  aluminium  foil  of  0.2  mm  is  welded 
with  a  PE  sheath  without  any  cavities.  The  aluminium 
foil  serves  as  a  moisture  carrier  and  as  an  electric  screen. 
The  five  star-III  quads  in  the  ba.sic  unit  are  marked  with 
the  colors  red  (reference  quad),  green,  grey,  yellow,  and 
white,  the  wires  being  additionally  marked  by  rings.  The 
maximum  number  of  pairs  for  cables  with  0.4-mm  con¬ 
ductors  is  2000  and  that  for  cables  with  O.fi-nim  conductors 
is  1200.  The  nominal  line  attenuation  at  800  Hz  is  0.91 
dB/'km  for  0.6-mm  conductors.  Balancing  of  the  capaci¬ 
tance  unbalance  is  not  int<*ndi*d  for  this  typ«‘  of  cable. 
Normally,  local  cables  are  cmmected  to  air  pressurization 
.sy.stems.  An  important  feature  in  the  supervi.sion  of  cable 
systems  was  the  development  of  the  multilayer-sheathed 
cable  providing  protection  against  the  longitudinal  pene¬ 
tration  of  water.  This  protection,  at  pre.s«*nt  applied  t<j 
the  local  cabli‘s  in  the  distribution  tietwork,  was  achieved 
by  filling  the  cable  cavities  with  petroleum  jelly. 

In  the  long-distance  network  of  the  Deut.sche  Bundes- 
po.st.  the  cables  with  star  i|uads  and  styroflex  air-space 
insulation,  which,  nowadays,  still  form  part  of  this  net¬ 
work.  have  been  replaced  by  coaxial  cables  of  2.6  9..t  0.‘2.5 
mm  and  1.2  4.4  0.18  mm.  At  present.  u.s<'  is  made  of  two 
standanl  types  of  cable,  i.e.,  type  KxFk  14f  with  4  coaxial 
pairs  of  2.6  !)..7  0.2.7  mm  and  type  KxFk  82c  with  12 
coaxial  j)airs  of  2. .7  9  .7  0.2.7  mm. 

In  the  regional  network,  the  Deut.sche  Buiidespost  uses 
cables  with  different  twi.sting  elements  (loadt'd  DM*  star 
(juads.  unloadeii  DM  star  ijuads  for  carrier  system  Z 
12  (Z  12  =  two-wire,  12  channels)  and  coaxial  pairs  of 
1.2/4.4/0.18  mm  for  carrier  .system  V  800).  Here,  special 
mention  should  be  made  of  the  following  cable  types: 
KxFk  8m  with  4  coaxial  pairs  of  2. 1/4.4 ''0.18  mm  and 
KxFk  9a  with  6  coaxial  pairs  of  1.2/4.4/0.18  mm  and 
KxFk  24f  with  12  coaxial  pairs  of  1.2/4.4/0.18  mm. 

The  maximum  number  of  telephone  channels  set  up  on 
cables  of  type  KxFk  82c  designed  in  1971  has  increaseiJ 

’  Star-quad  twisting  without  phantom  utilisation  for  subscriber 
rabies. 

'  DM  stands  for  Dieselhorst-Martin,  i.e.,  multiple-twin  twisting 
with  phantom  utilisation. 
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to  64  800.  At  this  time,  this  cable,  which  has  a  repeater 
spacing  of  4.65  km,  is  used  for  the  carrier  system  V  2700 
up  to  12  MHz.  The  prerequisites  for  an  easy  conversion 
of  these  cable  links  to  the  carrier  svstem  V'  10  800  with  a 
repeater  spacing  of  1.55  km,  which  can  be  utilized  up  to 
60  MHz,  have  been  given  by  the  provision  of  <‘inpty 
underground  repeater  casings.  By  these  measures  the 
transmission  capacity  of  the  main  arteries  of  the  long¬ 
distance  network  approach  the  lower  capacity  limit  of 
waveguide  cables.  Although  the  latter  are  being  developed, 
their  practical  use  by  the  Deutsche  Bundespost  is  still 
uncertain  because  of  economic  considerations.  The  annual 
enlargement  of  the  network  by  500  liiu'-km  of  coaxial 
cables  (type  KxFk  32c)  provides  a  good  basis  for  the 
high-speed  data  transmission  to  be  expected  in  the  future. 
The  CCITT  Recommendations  on  the  electrical  charac¬ 
teristics  of  coaxial  pairs  are  observed  by  the  De\itsche 
Bundespost.  P'or  instance,  the  admissible  deviations  of 
the  characteristic  impedance  of  coaxial  pairs  over  a  cable 
length  and  in  the  joints  are  kept  so  low  that  the  cables 
can  be  mounted  without  considering  the  dir(*ction  of 
laying.  Since  the  inner  conductor  of  armored,  lead-sheathed 
coaxial  cables  was  found  to  be  wavy,  all  coaxial  cabh-.s  are 
provided  with  corrugated  st<'el  sheaths.  This  practice  was 
adopted  in  1971.  As  the  corrugated  steel  sheath  needs  an 
outer  PE  sheath  as  a  protection  against  corr<»sion.  an 
8-mm  galvanized  iron  wire  is  laid  approximately  20  <'ni 
above  buried  cables  for  rea.sons  of  lightning  proteettion.  In 
areas  with  extremely  strong  atmospheric  discharges  u.se 
is  made  of  a  three-layi'r  cable  .sheath  grounded  over  the 
entire  cable  length  (c<ii\sisting  of  an  inner  conductive 
layer  of  2  layers  of  0  2-mm  cop(ier  tape,  a  0.4-mtu  corru¬ 
gated  stevd  sheath,  and  an  armored  leiul  sheath  as  an 
outer  ct»nductive  layer) .  With  a  view  to  a  future  integrate*! 
broa<l-band  cable  nefwurk  iti  the  Ftnleral  Republic  of 
(lermany,  cables  are.  at  pres«Tit.  being  d<‘veloped  and 
tested  which  are  al.so  suitable  for  the  t ransini.s.sion  of 
television  signals.  This  is  motivated  by  the  ilesire  to 
ensure  that  cu.stoniers  in  shadow  n-gioiis  are  provuhsl 
with  all  televisioti  progranis  available  t'slay  and  to  be 
able  to  offer  additional  programs  to  interest<sl  ptTsons.  It 
is  intendisi  to  use  the  c..bli'  tyjs'  KxP  )2.t»  9  5  0.2.’>  nun) 
complying  with  the  relevant  (’Cm'  standard  for  cable 
televisiiui  in  the  frequency  range  from  40  to  iklt)  MHz 
on  the  riqx-aOT-equipjHKl  .4  and  li  levels  ol  the  broad-band 
networks.  On  the  ('  and  I)  levels  up  to  the  Bundes|K>st 
handing-over  point  low-priced,  metallic  .single-tulM‘ coaxial 
cables  are  provided.  They  are  protected  again.st  the 
longitudinal  |H-netration  of  wat<>r  and  have  a  liix'  at¬ 
tenuation  of  6  dB/100  m  or  9  dB/lOO  m  at  ;KK)  .MHz. 

H  Snv  ('able  Jur  Dif/ital  Traiurmixuioii 

For  te<iinical  and  economic  reiisons  the  pr<‘.sent-<lay 
synmudric  and  coaxial  pair  cables  are  not  suitable  for  the 
tran.srnLssion  f)f  information  flows  of  8  and  34  .Mbit/s. 
Therefore,  it  was  investigated  whether  the  new  cable 


types  (0.6/2. 8-mni  coaxial  pairs;  symmetric  pairs  and 
•star  quads  with  0.9-mm  conductors)  are  suited  for  PCM 
transmission  systems  (PCM  120  and  PCM  480)  and  for 
analog  broad-band  services  (up  to  5  MHz).  The  results 
of  the  investigations  of  cable  lengths,  some  of  which  were 
connected  to  form  entire  regenerative  repeater  sections, 
indicated  that  for  an  admi.ssible  bit  ermr  rate  <10~*  and 
for  an  undisturbed  transmis.sion  a  far-end  cro.s.stalk  value 
of  a/  —  a  ^  28  dB  and  a  near-end  crosstalk  value  of 
a„  ^  106  dB/repeater  .st'ction  are  requir(*d  at  the  Xyquist 
frequency  of  the  PC.M  system.  These  r(>()uir(*ments  are 
met  by  cables  with  0.6/2. 8-mm  coaxial  pairs  as  well  as 
by  those  with  symnudric  twisted  elements.  Preference  was 
given  to  the  latter  because  of  the  high  crosstalk  attenua¬ 
tion  in  the  video  fnsiuencv  band  up  to  5  MHz,  its  ea.sy 
installation,  and  relatively  low  cable  costs.  With  this  cable 
five  symmetric  twi.st('d  elements  (pairs  or  (juads)  each 
are  combined  to  form  one  unit  surrounded  by  a  screen. 
This  screen,  which  ensures  a  high  near-end  crosstalk 
attenuation  a„  consists  of  two  overlapping  copper  foils 
wound  counterclockwise  with  a  plastic  tape  in  between. 
Together  with  two  additional  PE  threads  a  symmetric 
pair  is  twisted  to  form  a  “pseudoquad.”  Since  within  a 
unit  five  such  p.s('udo(|uads  hav(‘  the  same  dimensi(jns 
as  five  real  high-cjuality  star  (piads.  the  latter  will  be 
advantagwus  for  a  rational  utilization  of  the  cable  cross 
s<‘ction.  The  near-end  crosstalk  attenuation  between  the 
pairs  made  up  as  pseudo(|Uads  is  the  same  as  that  bidwis-n 
the  side  circuits  in  the  adjaci'nl  star  (|uads  and  is  suited 
for  transmi.ssions  by  P('M  system  4.80.  Becaus*-  of  the 
coupling  between  the  two  side  (ircuits  of  a  (piad  it  is  only 
IMissible  to  use  one  side  (ircuil  for  PCM  480  tran.smi.s.sions, 
whereas  the  other  one  is  to  be  used  for  PCM  systcun  120 
or  analog  broad-band  .services  (up  to  .MHz).  .\s  the 
co.sts  for  a  unit  of  .symmetric  ))airs  i  p.seudo()uads  i  art' 
approximalel\  the  sami'  as  lho.se  for  star  i|Utids  (doubh' 
the  number  of  pairs),  thi’  Di-ut.sche  Bimdes|>ost  dinidisl 
to  us*‘  units  of  high-i|uaiity  star  (jua<ls  in  cabli-s  to  be 
providisl  for  digital  and  analog  broiul-band  tran.sini.s.sions. 
.■\t  prewnt.  an  .80  pair  PCM  cable  is  being  manufactunsl. 
It  con.sists  of  eight  units  of  live  star  quads  each  (0.9-tnm 
condui'tor).  It  allows  thi‘  tran.smission  of  up  to  12  000 
PCM  t<>lcphone  channels  in  Ixith  directions.  Further 
cable  tyja-s  with  20  and  40  pairs,  |)o,ssibly  for  the  branching 
of  PCM  circuits,  an-  planixsl 

V  RADIO  ENOINEF.RINC. 

.4 .  SoumI  awl  Televixion  Hroculcaxliritj 

In  the  Federal  Regublic  of  (lennany  alxtut  140  A.M 
.sound  bniadcasting  tran.smitters  are  operatwl  in  the  LF, 
MF,  and  HF  range's  and  about  280  FM  transmitters  in 
the  VHF  rang!'.  Alsiut  250  basic  transmitters  and  alxiut 
3000  fill-in  stations  (transixisers)  are  .set  up  for  televisiein 
purfKises.  The  adopted  standards  and  systems  are  listed 
in  the  following  table. 
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The  sound  broadcasting  transmitters  of  the  Lander 
broadcasting  organizations  operating  in  the  MK  and 
VHF  ranges  supply  the  population  in  the  individual 
Lander  with  thre«'  different  sound  programs.  The  Hh' 
transmitters  of  the  Deutsche  Welle  give  a  comprehensive 
picture  of  the  political,  cultural,  and  economic  life  in  the 
Federal  Republic  of  Germany  to  the  listeners  in  overseas 
countries.  The  transmitters  of  the  Deutschlandfunk 
complement  the  number  of  the  programs  offered  in  the 
neighboring  countries  and  the  Federal  Republic  itself. 
The  present  television  networks  allow  the  television 
programs  of  the  ARD  and  the  Zweites  Deutsches  Fern- 
sehen  to  be  received  by  more  than  96  percent  of  the  popula¬ 
tion  including  Berlin  (West)  and  the  regional  third  pro¬ 
grams  by  almost  94  percent. 

The  frequency  ranges  available  for  the  transmission  of 
broadcasting  programs  are  fullj'  utilized  by  the  existing 
and  planned  sound  and  television  broadcasting  transmitter 
networks.  Since  1960  the  Deutsche  Bundespost  has, 
therefore,  investigated  the  possibility  of  a  terrestrial 
broadcast  coverage  in  the  frequency  range  between  11.7 
and  12..5  GHz,  which  was  equally  allocated  to  fix(‘d, 
mobile,  and  broadcasting  services  at  the  Administrative 
Radio  Conference  held  at  Geneva  in  19.")9.  For  this  pur¬ 
pose,  one  experimental  and  one  test  network  with  four 
television  transmitters  and  100  down-con vi'rters  have 
been  established  in  Berlin  (West).  At  the  same  tina-, 
studies  are  being  made  of  the  po.ssibility  of  distributing 
further  sound  and  television  programs  via  satellite  or 
cable. 

Standards  and  systems  in  the  Federal  Republic  of 
Germany  are  listed  l>elow : 


1.  Sound  broadcasting 

a)  MF  and  LF:  double  sideband  AM  ;  mainly  9-kHz 
channel  spacing. 

b)  VHF:  FM ;  ±7.>kHz  fnKjueney  deviation;  pn-- 
emphasis  .50  ms;  channel  spacing  >'KK)  kHz.  The 
more  recent  transmitters  are  suitable  for  sterise 
phonic  transmission  according  to  the  FCC  stand¬ 
ard  (pilot  tone). 

2.  Television  broadcasting 

a)  Bands  I  and  III  (VHF);  standard  H  (ve.stigial 
sideband  AM  for  picture,  FM  for  sound);  62.5 
lines,  vision-to-sound  carrier  spacing  .5. .5  .MHz, 
channel  spacing  7  MHz. 

b)  Bands  IV/V  (VHF):  standard  O';  This  standard 
and  standard  B  differ  only  in  the  channel  spacing, 
which  here  is  S  MHz. 


B.  Mfibile  Radio  Services 

At  pre.sent,  tor  manually  operated  networks — networks 
A],  A2,  A3,  and  the  network  for  the  International  Rhine 


Radiotelephone  Service' — are  provided  for  the  public- 
land  mobile  service  in  the  Federal  Republic  of  Germany. 
Another  network,  the  so-called  network  B,  which  allows 
STD  in  both  directions,  is  under  construction  and  is  to 
cover  the  total  area  of  the  Federal  Republic  of  Germany 
by  around  197,5.  At  the  beginning  of  1974  a  one-way  radio 
service,  the  so-called  European  Paging  Service,  will  be 
opened.  A  selective  calling  sy.stem  (\‘’)  is  used  in  the  A 
networks.  Like  the  A  networks,  network  B  has  been  set 
up  in  the  2-m  range.  Thirty-six  duplex  telephone  channels 
with  a  20-kHz  spacing  are  available  for  this  network.  The 
mobile  stations  are  called  on  a  calling  channel  common 
to  all  radio  traffic  areas  on  which  the  station  in  the  vehicle 
automatically  returns  after  a  conversation.  An  error- 
detecting  pulse-code  method  is  used  for  the  selective  call 
and  the  transmission  of  dialing  information. 

The  establislmicnt  of  a  further  network  with  70  chan¬ 
nels  (network  C)  in  the  450- -MHz  range  is  scheduled  for 
1977.  The  technique  will  differ  only  slightly  from  that 
used  for  network  B,  but  at  present  considerations  are  being 
made  as  to  whether  large  calling  areas  can  be  formed  for 
selective  calling  to  the  vehicle.  F'urthermore,  it  is  being 
investigated  as  to  whether  it  is  (xi.ssible  to  set  up  extremely 
fre(juency-(‘conomical  cellular  networks  where  calls  can  be 
switched  over  to  adjao-nt  radio  traffic  areas. 

The  International  Rhine  Radiotelephone  Service  is  a 
mobile  VHF  radioh'lephone  service  for  shipping  on  the 
Rhine  and  on  some  waterways  of  tht-  Rhine  basin.  At  this 
time,  ab.jut  .5.’100  national  and  fon-ign  .ship  stations  take 
part  in  thLs  .service.  It  is  bas<'d  on  international  arrange¬ 
ments  reachetl  in  1970  (Regional  Agreement  concerning 
the  Radiotelephon*'  S<‘rvice  for  the  Rhine). 

In  order  to  coih'  with  the-  increa.sing  volume  of  traffic 
in  the  Rliine  Radiotelephoin'  Service,  the  channel  spacing 
will,  up  to  19H;1,  be  gradually  decrea.'«'<l  trom  .50  kHz 
to  2.5  kHz  to  obtain  further  channels. 

The  selective  calling  system  ris’ommeniled  by  the  t't'I  R 
for  us»‘  in  the  international  maritime  mobile  radio  service 
was  intnsluci'd  at  the  l>eginning  of  197.'1.  Tlie  (’F)I*T  is 
going  to  apt-f-ify  a  suitable  cfsling  system  for  dialling 
pur|x>s(‘K  enabling  the  intHsluction  of  STD  in  this  manual 
servi<'e. 

ITie  Euro|M‘an  Pageing  S*‘rvice  is  an  inO>rnational  public 
mobile  one-way  radio  service,  whosi'  sysb'm  parameters 
an-  laid  dowm  in  CFII'T  Rc-commendation  T/R  6.  It  offers 
the  possibility  of  transmitting  a  limit^-d  numls-r  of  rmie 
signals  from  a  telephone  station  to  a  land  mobile  station. 
In  the  F'c-deral  Republic  of  Germany  alsiut  200  000  sub- 
ST’ribers  can  take  part  in  this  service.  If  there  is  a  sufficient 
increase  in  the  numlx-r  of  subscribers,  this  service  may 
laU'r  on  lie  ct)mph‘mented  by  regional  pagt'ing  networks. 

('.  Radio-Relay  Systems 

The  radio-relay  netw'ork  of  the  F'ederal  Republic  of 
Germany  is  closely  meshed.  The  total  length  of  all  radio¬ 
relay  links  is  about  78.500  km,  about  45  190  km  being 
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used  for  carrier  systems  and  33  310  km  for  television 
systems.  Over  a  length  of  14  460  km  it  is  possible  to 
transmit  simultaneously  the  sound  signal  accompanying 
a  television  signal  over  the  same  radio-relay  system.  A 
total  of  1870  transmitters  and  receivers  are  operated  in 
the  401  radio  stations.  In  the  regional  and  supraregional 
long-distance  networks  the  various  radio-relay  systems 
are  used  for  the  simultaneous  transmission  of  12,  120, 
300,  900  (960) ,  or  1800  telephone  calls  or  of  the  television 
picture — mostly  together  with  the  accompanying  sound 
signal. 

1)  Most  of  the  equipment  is  operated  in  the  supra¬ 
regional  long-distance  network.  At  the  repeater  stations 
the  signal  coming  from  the  receiver  is  through  connected 
to  the  following  transmitter  at  the  IF  level.  Demodulation 
and  renew'ed  modulation  are  not  required.  This  equip¬ 
ment,  which  is  suitable  for  the  transmission  of  300  tele¬ 
phone  calls  or  more,  is  operated  in  the  frequency  ranges 
around  2,  4,  and  6  GHz. 

2)  In  the  regional  long-distance  network,  equipment  for 
the  transmission  of  120  telephone  calls  is  operated  in 
the  7-GHz  range.  In  the  repeater  stations  the  signal  is 
through  connected  in  the  baseband,  i.e.,  it  is  demodulated 
and  modulated  again.  Transmitter  and  modulator  form  a 
unit  as  do  receiver  and  demodulator.  The  final  stage  of 
the  transmitter  is  equipped  with  a  klystron. 

At  present,  most  of  the  radio-relay  eciuipment  works 
with  tubes.  The  equipment  of  system  FM  300/2600  is  the 
first  being  fully  transistorized.  They  are  of  a  standard 
design  which  allows  the  interchange  of  units  made  by 
different  manufacturers.  In  system  F.M  1800-T\76200 
a  traveling-wave  tube  is  only  used  in  the  final  transmitter 
stage. 

The  television  outside  broadcast  radio-relay  e<iuipment 
FM  TV/ 13000  R  was  put  into  operation  just  in  time  for 
the  Olympic  Games  held  in  .Munich.  It  is  also  fully  tran¬ 
sistorized  and  works  in  the  13-GHz  range.  The  e(|uipment 
of  all  new  systems  is  of  the  standard  design  7R  mentione<l 
in  the  previous  sections. 

Integrated  circuits  will  to  an  increa.sing  extent  Im>  uh4h1 
in  future  erjuipment.  Due  to  advances  made  in  the  field 
of  power  transi.stors,  it  will  be  |)ossible  to  produce  <Hjui|>- 
ment  of  low  power  input.  Improvements  an>  also  lM>ing 
made  with  regard  to  the  power  input  of  e()uipment  having 
a  traveling-wave  tub*-  in  the  firml  transmitter  .stage.  The 
efficiency  of  the  modern  trav<*ling-wave  tube  of  German 
make  is  between  3.")  and  40  percent.  Owing  to  the  decreased 
heat  dissipation,  the  e<piipment  dimensions  are  con.sider- 
ably  smaller. 

In  the  coming  years,  new  erjuipment  will  l>e  intn>duced 
for  2700-channel  working  in  the  6-GHz  range  and  for 
1800-channel  working  or  TV  transmissions  in  the  11-GHz 
range.  These  developments  will  lx-  based  on  the  latest 
technological  knowledge.  To  utilize  the  1.5-  and  20-GHz 
ranges,  it  is  intended  to  start  experimental  digital  trans¬ 
missions  in  the  near  future.  In  the  1.5-GHz  range  trans¬ 


missions  will  at  first  be  made  at  a  bit  rate  of  8.448  Mbit/s, 
corresponding  to  120  telephone  channels.  Experimental 
transmissions  at  about  .34  Mbit/s  corresponding  t<j  400 
telephone  channels  are  to  follow.  Moreover,  it  is  investi¬ 
gated  how  the  20-GHz  range  can  be  utilized  for  the  trans¬ 
mission  of  signals  having  a  very  broad  bandwidth.  A 
digital  radio-relay  system  for  transmissions  at  about  .500 
Mbit/s  would  allow  more  than  7.500  telephone  channels 
to  be  provided  on  one  single  RF  channel. 

D.  Communication- Satellite  Services 

From  the  very  beginning,  the  Deutsche  Bundesjjost  has 
taken  an  active  part  in  the  commercial  utilization  of  com¬ 
munication  satellites.  Today,  three  antenna  installatirins 
.•ire  operated  at  the  Raisting  earth  station  (Upper  Bavaria) 
within  the  intelsat  system.  By  means  of  these  imstalla- 
tions,  which  .satisfy  the  intelsat  .standards  (figure  of 
merit  (1/T  =  40.7  dB/K),  telephone  and  television  com¬ 
munications  ar(“  at  present  established  with  19  countries 
within  the  regions  of  the  Atlantic  and  Indian  Oceans. 

At  this  time,  another  antenna  installation  having  a 
figure  of  merit  G/T  =  31. .5  dB/K  is  under  construction 
at  Raisting  for  the  Franco-German  communication- 
satellite  project  symphonie.  With  this  installation  the 
Deut.sche  Bundesjiost  is  going  to  take  part  in  the  test 
program  with  the  symphonie  satellites;  the  main  objective 
of  these  experiments  is  the  testing  of  n(>w  transmis¬ 
sion  methods  for  communication-satellite  services.  The 
D<‘ut.sche  Bundes|)os1  also  participates  in  the  design  and 
con-struction  of  the  symphonie  satellites  by  sending 
experts  to  the  project  group  formed  by  the  administra¬ 
tions  concernwl.  Studies  on  a  trans|s»nder  model  are  made 
in  preparation  for  the  futuri*  ex|)<-riniental  usi-  of  the 
satellites  in  orbit. 

Further  studies  and  investigations  deal  with  future 
.satelliti'  .sy.st<-ms.  Here,  .s|X‘cial  mention  should  be  made 
of  the  proj(*et  of  a  F,un)|M“an  communication  satellit<‘ 
which  is  |)lanne4l  by  thi‘  ESRO  in  cisiiM-ration  with  the 
('K1*T  Administrations  and  the  EBU,  By  means  of  this 
.satellite  system,  which  is  ints-nded  to  o|M'rat<“  in  the  II- 
14-GHz  range',  it  will  be  |x>ssible  to  j'stablish  te'lephone 
and  te'levision  communications  Ix'twee'n  major  Europe-an 
cities  from  als)ut  1980.  As  far  as  the-  Finleral  Republic 
of  Germany  is  concerned,  futun*  earth  .stations  may  l»e 
hx'aP'd  at  Frankfurt,  and  later  on  at  Hamburg  and 
Munich. 

In  addition,  further  studies  are  made  on  direct  TV 
broadcasts  from  satelliU's  in  the  12-GHz  range*.  Feer  the 
an‘8  of  the  Federal  Republic  eif  Germany  planning  is 
b88e*d  on  a  eapacity  of  3  .5  teh'vision  channels.  I’arabolic- 
re'flector  antennas  having  a  diameter  of  alxiut  7.5  cm  are 
to  serve  feer  receptieen.  Such  a  satellite  system  exmld  be 
implemented  by  alxiut  1980.  Furthermeire,  the  Deutsche 
Bundes(M>st  collaborates  in  preparatory  work  for  a  mari¬ 
time  satellite  system  and  observes  the  development  of 
further  projects  for  application  satellites. 
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